
UNCLASSIFIED

AD NUMBER

AD063941

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operationa use; 30 Apr
1955. Other requests shall be referred to
Office Naval Research, Arlington VA
22217-0000.

AUTHORITY
30 Apr 1967, DoDD 5200.10, 26 July 1962;
ONR ltr 28 Jul 1977

THIS PAGE IS UNCLASSIFIED



THI1S REPORT HAS BEEN DELIMITED

AND CLEARED FOR PUBLIC RELEASE

UNDER DOD2 DIRIECTIVE 5200.20 AND

NO RESTRICTIONS ARE IMPOSED UM'N

ITS USE AND DISCLOSURE,

DISTRIBUtTION STATEMENT A

APPROVED FOR PUBL IC RELEASE j

DISTRIBUTION4 UNLIMITED,



UNCLASSIFIED

AD 0S57/

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

'A M AT 3 MW INIRVAS:
11WIASS37IE AFTIM 12 YEARS

DOD DD 52m€' O1

UNCLASSIFIED



ied Services fechnical information Agen(
Reproduced From

Best Available Copy
~by

DOCUMENT SERVICE CENTER
KNOTT 1t1ILDING, DAYTON, 2, OHIO

Becausc *Vour limitedsun yo are requested toRETRN HI )PYWHE ,HAS SERVED YOUR PURPOSE
RETURN TIM, ""2QPY WHEN &"iT h D6

so tWat it r iay be made available to other requesters.
I or cooperation will be appreciated.

* ., ;-. .^,, Zi:t OTHER DRAWIMB, SPECIFCATII( OR OTHER DATA
,4;; 4" HE R ' THAN I CONNECTION WITH A DEFICTELY RELATE

,cV pp. ,J.' .. , ORATIOI, THE U. , GOVZRNMENT THEREBY INCURS
~ t'\. NOR ANVThLTGATPON WHATSOEVER; AND THE FACT T10AT THE

V . B V - I.LATED, F R1, OR DI ANY WAY SUPPLIED THE
c , F-'., OR OTHER DATA i NOT TO BE REGRED By

VP, ,. NR ,IfW -- R ANY MANNER ICENSING THE HOLDER OR ANY OTII

- -ANY RIGHTS OR NTOILANUFACTUR
-= ra



.C9

U I

W AATR-BASED AIRCRAFT

ICY lip

Imr

-ATTACK MISSIONS
ED

ER NO. 8602 30 APRIL Ii955
RE5A



WATER-BASED AIRCRAFT
AN ANALYSIS OF THEIR POTENTIAL

ATTACK MISSIONS
f I

I ER WO, 4402

36 APIL 19O5

I|

Tec~tcat Aplm~al

I|
THE GLENN L. MARTIN COMPANY



THE GLENN L MAFTN C MPANY CO R MMd1.
RALTIMOAE. MARYLAND m NO.

PAM V

I

FOREOD

This iR the third in a ser "e. jC three reports prepared for
the Office of Naval Research x,'4c r Contrat. Nour-1248(00). It
presents a detailed analysis V' .& nissions.

The tuo preceding reports zave included a s,.- -. the
results of The Glenn L. Martin "' ;Pqmnv's first year of study of
the potential of vater-based a-.:raft and an aalysis of trwutport
missions:

I 6 6600 Water-Based Aix.craft -An Analysis of Teir
Potential - Simin.ry Report

i ER 6601 Water-Based Aircrmft - An Anal ysis of Their
Potential - Transy -'t Missions

I
I
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I
SUMMARYI

In attack aircraft missions, as well as transport missions,
the water basing of aircraft providPr tke flexibility and &nobility

necessary for modern warfare. This conclusion was reached in a
study by The wxenn L. Martin Coupany for the Office of Naval
Research on the potential of water-barei aircraft : - the 1955-

I 1960 desi~i period.

Water basing the attack aircraft does not impede high per-
fornance. The rrime importance of successful operation at the
target, against the severest enemy opposition, calls for water-
based aircraft with performance in the air !qual to land-based

aircraft. This can be achieved by equippiag the aircraft with
I non-buoyant hydroskis.

A typical lakd-based attack aircraft can be water-based, with-

out any change in aerodynamic performance or weight, by using
retractable skis. Though the weight Is the same, the space required
to stow the retracted skis is less than that required, for retracted

* wheels. This additional space can be used to advantage by enlaz., ig

the bumb bay. However, the advantage of the larCer bmb bay bab not
been considered here; it is beyond the scope nf this study.

An exaLanatio2 of the techniqws required for the operationI of non-buoyant hydroski aircraft includes grouwt handling, servicing,

srouad-run acceleration, and wattr rum for take-off and landing.
Current experience on smaller aircraft mflicateb tha satisfactory
hydroski. operation is feasible. Development work should be continued.

* Oira Ccpared to wheeled aircraft operation, the "i-equipped attack
air-Rrf'c sys-tem:

1) Requires less preparation of the hase area;

1 2) Ca&u use a i.ider variety of landin6 surfac--, and servicing
facilities; and

715) Has improved blind landing julities.

An investigation of the targets and the range requiremznts of
tb= attack aircrait hor.ied the necessity for maximm base mob lity
and protection against cneC attack. An anyniz nf 4i,,persin prcblcmz
and the relative vulnc-rablitieb, to attack gave a decided advantage tc
the water-based fystem. Re'qiwracnts for base mobility witt, minima

Im-a
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logistic Support in terWA Of nsteria,4 cost, and time (s0 vital tothe modern concepts of mobil,_ warfare5 were beat fi~ifiie4 by thewater-based aircraft. This wa5s determined from several types ofbasing syszems, ranging from semi -Permanent to small airhead.. Itwas foumd that:

1) The establihment of a water' base requires one-_half
to one-fourth of the logistic tonnag and a much shorter
time than the establishinart of a land base; and

2) The eost3 In manpower and dollars ame correspondingl,
lower for the water buse, esDecially where freqwnt moves
and aml. air groups are 1nvolv~i.

elle great =obility of the water-based attack system, coupledwith the wide availability of suitable water bod3g, gives it greaterflexibility than the land-based attack systes.
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I
I . INTRlOLUXTION

Recent great advances in the design of water-based aircraft
ih1ave brought a reawakeued Interest In the possibilitics of per-

foraing ,,Ilitary operations from the widely avallAble water bodies
of the world, rather than from fixed and vulnerable WL6 bases.

3In order to obtain a valid appraisal of the potential of water-
based aircraft., The Glenn L. HartIn Campany, under contract to the
Office of Naval Research, has been cood.cting a comparative evaluation

3 of wter-based and land-based aircraft performing military miseions.
The results of the firt year's st4y are summarized in Ref. 1.

In this study, it was determined that four basic types would
provide au over-all picture of military aircral".. These types are
Transport, Nimeaer-Bomber, Attack, and Interceptor. For Attack
and Transport, the studies were carried omat in sufficient detail
to warrant separate reports. This report Is an analysis of the attack
saxnraft. The tran.art aircraft is pmsented -in-Aetal In Ref- 2.

I Attack aircraft have medium payload and range, vereatility, and
are designed to face relatively strong &nemy opposition. This type
of aircraft perform such missions an attackI, fig tr-hrober, Intruder,
tactical bomber, and photo reconnaissance. Each of these missions has
slightly different requirements, wLicb are discussed in this report to
the degree neces4ary for deterining comarative aircraft desigas.
The missions are then Investigated for baze costs and material require-

1 menta.

To give an accurate evaluation of water- and land-based attack
aircraft potential.s, the study ws limited to the time span or
designs begun in *be 1955-1960 period. Thus, it Is possible tc
project the present design trends into this period. The fields of
de,elopment important to the study, which have been so projected,
are hydrodynamics, aerodynamics, propulsion, and armament.

HydrodyrAmic developments in hull forms and in dynamic lifting
surfaces nave been reviewed In Ref. I, The d'velopments in U.ting
surfaces are of great inortance for attack aIrcraft. 11,rough the
'ase of non-bukyant hydrosais, these aircraft can ba .ater-base4 with
no aerodynamic penalty.

Neither non-buoyant nor buoyant, hydroikis aue designed to
support the airplane in the water be ow minimum p 'aning apeeds.
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A "buoyant"~ hydroski aircraft is c.aet'ax can tak.- c. ft oa

poiina the water. "Non-* oyanV hrt-omk1 &li-- Lr duz~.~~-

low speed. Tby mhnWd termuixte a 11-JItt by s1iiA z~'g surface.* Thcs aerodynamc en i.L ty tbgt j~t6-.-s d~ !A a hydro-
ski aircraft to be buoyant as be rz&r3i i L, h . - Li -buoant
hydroaki aircraft can be destlgltx to flxobt In e% ~v :r, *. v , vitm IL-

IIcurring uWamodvamdeaa t; e e. J~m" V. - vt. bae an etLirs

float, aathoq* it wua" not Lcf COoUn, t"e Oklt +, rise froA
this position mxU~r its om p3n.

Aerodynamic fbsm davelopmntr .~ a te r "mer -.. 2bages and in

have recently been spewed by tbe ~Utro&- -a & area-rule d-sW em-

Ucepts# Refs. 3, 4, .nd 5. fthe jgcevl 9, >.va"e l thr, 1-g ib4m
and UvVeracdC ea~das roflocW te.u tt. ;mtad curve .:1~j a
ratio versus speed, giwa In ?Ij. I. J:P, earsn oZ the 5--.:Y It. !3
estImted that Lif/dme rati.. am voa. .~~th l~ow e.A' c .4rcralf
will be obtainable a* speeds -j tc NaY 0. .. v e at svvercznic spesL-
the drag penalty Is not pechi'Y *yt

U ~fe deewlqpmt of 1"~ lyr cortrol syw'Leut. .-- '. haia
substantial bearing qpoa .LvaIrA± of olrmf ta -be .l-5;-ICJO peri-4.
ftore are three systoms: ConUtv-1 xf tke circ~ulatlom o the vim.g toeI ~lifting surface); the reducUia of ftag b~v bhc44 o ~f thqe WxmO2u7
layr; and gost allevistion bj cotral'et) vtv clrtafAon. V kw

tbrstypsIt Is antlelvate'l tbaw; * t4..,A4 Pat3 sA~lviation 421 be tiedaIcal Y ftmett3o "or kajr' 1tt l bs perio.

?ro~u.&sim devialcota mr- bveet, 1% a Uit -v~ as 1 the k.y
* to the alwNSOe in sedof efz Tt. f.4. Jm, -"yz* povirr p '*zts

in 'whichk siifi'Mat dqvv1Gvpmt Ogg. i.#. exr c'A NIU .ukv'gt, .kS
twioH*rop, an4 the Iva jet) the - w'ZPi1a jin".m sp~i rs 1.o hsvt Owe
peatest GMUppl =i to big% -W.mL e l.ow uweru mle ir a mI Since the develpmnt tim m t.&-t mt%4t-R 1.L 2 t-o It xi p~x.4tUs W
inks ftfriY reliabl eavuaite's of the tr'-&it .w t!ruaL evxl&Iide vwi2 4

I jet po~mr trend fbr this ea.

fte over-ll effeet of past t.*ea4m .v% t?" parfrmanc" .m* crtta..
aircraft is &how In na. 3 wWaib Indic.*c & Or.)54f ummc-u 1A tLctL
speed and gross walgbt vith tMv yse'ea of the yeary. Posevvr. .-nly
thn, speed cvaww baa been projoea @is togA th .Rm v~w foaaLr to. I ___

period umder study. Devvelop.-%tm ' ri th... td 3 o *aaic vftar*a 41aa



MOOFL CONMDENTIAA. THE GLENN L. MARTIN COMPANY
Ell. NO.6602 BALTIMORE, MARYLAND
PAGE

UIYM AU9MTATICN - ---

341

4-

oo' NO A UTATION

NOTS:69TIMSAT66SIC I"WOUY AT SA LgvEL

fi 2 . II-.vdTvo~tPwo ona

CONADSNCTM



THE GLENN L. MRTIN COMPANY CONFIDENTIAL MODEL

BALTIMOrE, MARYLAND 
ER NO. 6602

PAGE 5

I FtGN I ERS

a ---------------- - - -

Z-1-

I LA T

05 ~IG I GHE6SBE

V4 T

I

L - +- q

ii- +-t - - -t- ,,'rtc--T
I ~~~~~T TI i* !-

so- 
4 -- r

44KI t -4 -t t4kL T TATTACK -4--

z1 110

oIl4. - -.. .... 4:.

30

-4-4

+4

0 7
CO r. DLN

CONR~DENTIAL il
,,,.,= I, ;I~ lillrllillill I~ llil-'lll! l['fllI
. iii il ' ! ! !



MODEL CONRDENnAL THE GLENN L MARTIM COMPANgY
ER. No. 6i;02 ALTIMORE, MAYLAND
PAGE 6

aerodynamic improvements are expected to continue to increase the
punch and speed of the attack aircraft without Vurther increase in
the aircraft weight. Thus, the trend of gross weight in Fig. 5
has not been extended along its course, but is projected ou a level
line for the lighter aircraft and on a downward trend for the heavier
aircraft.

It is the purpose of this report to present the design require-
ments of attack aircraft ccopatible with these trends and then to
show the relative merits of water- and land-based systems frcs
military and economic viewpoints.

co~1
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II. KMSSION fRthMUsr'

The, nojor requirements for attack missions may be broadly
idivided into:

1) Performance In the air; and

2) Operation of the basing system.

Sucr-essful operation at the target against the severest enemy
opposition is the primary consideration in the design of attack
aircraft. Consequently, the aerodynamic performance of the Vater-
based aircraft must be equal or t-,uperior to a comp arable l&md-baseq
aircraft. Consideration of typical targets ad the limited range

of attack aircrait show the necessity for maximum base mobility and
protection from enemy attack.

A Eerics of t.ical profiles for several of the attack mis-

sions is plotted in Fig. 4. An indicateO by the trcndy -huw In
Fide. I and 3, supersonic speobd is important at the target and,
in Poy.e cases, for a lerge portion cf the misalion. High speed a"
he required for cvaslon awl escape rrom enemy aircraft, avoidance of

detection, equalAty in air combat, and even to escape the blast from
nuclear weapons.

The moderate range of attack aircraft Is a constant limlts-

i t1cn to the mlsesion. Attainment of a reasonable range Is Pn impor-
tant feature which cannot be sacrificed to the we of trite strength
for obtaining nigh speed.

The importance attached to speed and rane In thrc r~lssiirnv
does not lend itselr to quantitative evaluation. The best is none
too goodl There.fore, it was accepted that, to c , tl7a-t

vater-based design mupt 1e equal to the land-based design in the
air.

B. TARGETS

Attack aircraft targets, illustrated in Fig. 5, inludle shIps
at sea, trid~es, rail yards, trucki, troop concentrations, fuel
dumps, other ahr-raft, and alrf ields. Two outstandng featurea
may te se!"en: the close a.o:,cxiaton o: the targt, m imelate
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action or fronts and the mobility of many of the targets. Unlike
strategic missions where targets are selected and bombings planned
in advance, tne attack mission is directed at transitory situations
where timing is of great importance. Thus, with only short advance
notice, the aircraft must be brought to bear rapidly and effective-
ly on the targets.

Because of the limited rauge and the necessity for minimm de-
lay in striking, the attack planc must be ready anywhere around the
perimeter of the enmo; as a corollary, its base is urulnerable to
the ea=W.

C. WME IOBThIT

The most obvious conclusion from consideration of the mission
profileq and armas of action is that the "ase must be motile. This,
Jn fact, is well recognized. The success of the aircraft carrier
in performing this job during World War 11 er-d during the Korean
War is a matter of history. The tactical necessity of short lag
time and close contact with the enemy is demostrated by the curt.'nt
perimeter defenses in Europe and other avaiiabie areas surruunaixg~ Lim~
Eurasian land -as Current apoelfi~cations for several attack missions
include definite requiremets for the mobility of the basing system
(e.g., Fighxter-Bomber Specificat~ons, Ref. 6,.

The huge periwiter of the Eurasian land mass and the poccibility
of widely separated hot spots make a complete ring of fixed bases de-
sirable but geographically, politically, and economically tompossitble.
In additiun, the great depth of Aefense Inheren. in the land ans of
As would make a perimeter series of fixc ! tasec Ineffectual if the
area. of conflict moved very far inlarad.

This requiremen~t for base mobility bevomss even more important
when Ve con~sider the potential of .mter-hsed transports. Their
atliity to penetrate deeply Into enemy territory (as analyied in Ref.
2) will require that tactical air surport b~e able to w4-syt-in rapidly
and tie supported in the same area, Here, the~ tase must be rot cknl~y
mot'-lob iut air tranisportable a* well.

Five types of bases will be conajiercA In this analyass

Sexi-peruanfnt -bases dealgnt-d to te U39'- for sever-a.
years;

Trvqp.rary - CIhort -liv-d bases trc.-.prcirta) le ty truck;

Al-hes6 ar.1 &,ma11 Arhead - short -'ivei Sbt-b trang-

Iy a~rp1,u,#P; ~

colmeI
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Aircraft Carrier.

Each type of base maintains 90 attack aircraft vith the excep-
tion of the Small Airhead base vhicb maintains 30 attack air-
craft.

D DISFMIOW

The second conclusion drawn from the mission study is that
these mobile bases must be successfully defended aainst enemy
attack. The threat to a base, vhecher it Is on land or water,
must be met by minim=a Investment in the area, dispersion of air-
craft and service areas, concealment, strong ctfenses, or by
other mrans; nonetheless, it must be met. An even grenter neces-
sity for dispersion mast be considered in the future because of
the area damage p.ssible with atonic wespons.

I
I
i
I
I
I

I
I
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III. COMPARISON OF AIRCRAFT DESIGNS

The requirement for identical flight pi*trformance of water-

based and land-based aircraft is met by water-basing on ncn-buoyant

hydroskis. With gear retracted, the water- and land-based con-
figurations will appear almost identical.

A current proposed fighter-bomber design was selected as
l typical for the group of missions. This was used as a basis of

compawison for structural studies. Little difference in weight
was noted, but the water-based version required less volunr for
its ski landing gear than the land-based version required for its

Iwheel Isanding gear.

A. LANDIM GEAR

Statictical studies of hull, fuselage, and landing gear
weights (Ref. 1) have shown that above 100,000 pounds gross, the
hul. form seaplane has a weight advantage over the cozparable
lantiplane fuselage and landing gear. Also, developments in hull
configurations and the advent of Jet prwr have combined to yield
hull-form seaplanes of competitiv aerodyiamic performance II,
the attack category, the lover gro weight (20,000 - 60,000 pounds)
and the emphasis on high-density design make a hull-Lype conrigur-
ation inappropriate.

High density design foi attack aircraft leads dir(ect.ty to the
use of non-buoyant hydrcskls. The gross weight divided by total
aircraft volume for many projected desipgns yields a density of 30
to 40 pound5 per cubip foot. It Is obviously difficult to obtin
a z:atisfactory water bakied -. infiguration with more than one-half
of the body unler water wnile in the static buoyant condition. The
development of non-buoyant skis, iuc ts those of AjE-Hdo and A-1
Ar"-rican F'ig rneering (Refs. 1 and 7 through 10) has cuntributed to
the solution of this problem. Although for safe ty th, aircraft ).1
flosit Uy virtue of it-, fuel tanks ud cabin design, the ski configuLrts
tion is not designed for take-off from a floating position. When
not moving, the alrcrutf must be qipr-rf-' by outil .e -- ,mans (the
shore, fI 'ot4 'n ramp, or nats), but th,' tu1e-off ahi ilaiing, runs
are made, on the water.

The v':Ight tn- volun-e ot' hyir_,ski , oompared to wheels has
becri nursna .'(' i in th," "rst. relprt of t.ls seri,-f (Rcf. I). ;11),L'

ruu It .. re shown in Fii 6. eSL latit were f-ompli-, from a
Timtcr cf t;our -o . 'le 'harac' ter!s tc " e'h sk . n: rtal It on,
a unc: with tk,, wight tan-d vclume, are tabulat.t.. in Auprqd ix A.

COR
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tI
There is a significant reduction in the volume required for

t h e ski installation compared to that for vheels in the attack
aircraft weight range. This space could be used to Increase the
armant load of the aircraft. Nowever, the quantitative evalu-
ation of the resulting increased misslo effectiveness for waterbasing is beyrod the scope of this initial study. Thus, the tvo
configurations are assumed to be Identical In the air.

B. S 0LEflO (Z COMMUT MJN FR CI 3 AXSON

Attack aircraft des' cr for the 1955-1960 period are currently
under investidation at The Glenn . Xbrtir. Company. Ot.e of these,
a supersonic fighter-bomber with internal bomb by, is being studied
under an Air Force Cmtract. The gross welgh Is 30,000 pounds for
a basic 600 nautical-mile hit-altitude aisaion. The wing is dc-
signed to take naxiium advantage of leadiAg edge suction, and the
fuselage hat been indented a ar-anged t . give the over-all config-
uration an exceptionally good area-r.le c-irve. Because of the de-
sign, it was believed that this aircraft w'ovld be typical of those
developed In the 1955-1960 period and therefore vould be applicable
for use in the aero eynic, strctAral, and economic evaluation.
A sury of the eharacteristlcs and capabilities of this airplane
are prauenLed as a supplement to this report (see Figs. 7-1I).

The design study of the tri-ski gear is ore fully discussed in
AppendU D. All planing surfaces were made retractable (rljah vith
the body and wing), thereby retaining the same exteral shape as
the lend-based version. A weight analysis and comarison revealed that
the ski-based version was a few pours 1 ighter. Thus, since both
weight and external appearance were n][y'xtmat,-ly the am, ro dif-ference in aerodynmic characteristics or performance would be ex-
pected between the land- and water-based verios.

A weight coprison s ary of the two versions to shoy- !n
Table 1. Structural considerations and detailed weight dettraIna-
tions for both types of aircraft are given in Appendix B.

The water-based configuration is shown with gear extended In
Fig. 12,

I
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IV. ANALYSIS OF LANDIN AND TAKE-OFT OPERATIONS

The selection of the non-buoyant configuration with skis for
the attack mission introduces new problems in aircraft handling on
the surface. The techniques for ground handling, servicing, accel-
eration runs on the hardstand, taxiing, and take-off and landing
are discussed in this chapter. On the basis of current experience
with similar types of aircraft and their models, these techniques
seem feasible (Refs. I and 7-10).

In this chapter, the requirements for water-, land-, and
carrier-based attack aircraft are compared on the basis of facili-
ties, ease and safety of operation, and provisions for landing and
take-off. These requirements are then used in the following chapter
for the evaluation of the water-based system.

A. OPERIO OF WAEn-BASE) ATTACK AIRCRAFT

i. Handling and Servicing

A considerable amount of ground handling is necessary in the
operation of any aircraft. They have to move or oe moved from one
point to another for maintenance, spotting for take-off, and for
parking. Ground movements must be accomplished rap .dly and with
ease so that. maximum launch and landing rates may be realized and
maintenance and servicing activities expedited. Normal ground hand-
ling should te accomplished without starting up the Jet engine.

For the very small aircraft on skis, this has been aecc(op]Ished
by incorporating wheels for taxiing on hard surfaces. Wheel-ski com-
binations have been used successfully for landinga on water, land,
snow and various combirntlon conditions of water, slush, and land
(see Ref. 11). In the larger aircraft, such %s the attack, the in-
corporation of wheels for taxiing on hard ground will be a serious
weight and volume penalty.

On soft nr slippery surfaces, skis have provel suitable. In
general, the experimental aircraft have furnsLed their own power
for taxiing or positlonIrn on the shore, sumtImcs with a little
manual assistanLce. The Baroudeur aircraft (Ref. 12) is easily
handled on a dolly where it either mieuvers urer its own power
or is towed by a jeep. Ordinarily tht Baroudeur takes off on the
-olly, but It has been succesbfully op-rated witt ski,* ue, mud, dry
grass, beaches, anl stony ground.c After overcoming initial friction,
the skids offer little resistance on cdry grass. Even paved roads
'tid runways were used after greasing. Extensible clays wer mounted
an the skids for steering.

CON- M1AL
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U
For ground handling on most surfaces, the normal truck and

I toying equipment associated with air support would be able to
slide an aircraft on its skis and move it from landing position
to servicing area or take-oft position. However, a much smoother
operation could be obtained with handling equipment designed for

use with ski aircraft, like the self-propelled dolly system illus-
trated in Fig. 13. Bodily lifting the aircraft clear of the ground,
the carrier can transport It to aty desired area with % minimu

1 of time and effort.

Operations of the wat.r-based attack airplane from a shore
3 area can be conducted with the same types of servicing factlitios

and maintenance personnel used with land-based aircraft. However,
the accessibility of the vuter area provides the mea-s for opera-
tion of the ski plane in unprepared areas where land transportation
my be restricted or entirely 1acking. In this case, personnel
and supplies could be transported by boat, and fueling would be

accomplished through an underwater distribution system similar to
I that shown in Fig. 14.

2. Ground Run

I The design analysis and the take-off performance of the water-
based attack aircraft with skis are given in Appendix B.

To allow a rapid acceleration to minimum planing speed, the
ground run must not offer ex-cssive resistance. For the thrust-
to-weight ratio of 0.5 for this design, a frictiti coefficient of
0.2 or lese is desirable (see Appendix B, Sections A and B). Al-

though many natural beaches of dirt, gravel, clay, and mud offer
the desired low friction, it will be assume' for tnis study tha*

all weather operation rcquires a prepared birip for the gr-und por-
tion or th tal.Otrf run. A p-pa-mro st'1p weV Al.- e requted to
minimize the effects of the Jet blast.

This prepared strip may cosist of piercei-steel planking,

btut this would probably require a low friction non-metallic ski

bottom. A s. pler and posslbly better surface for a water-edge
lwaLiun is a heavy wood planking that would protect the sutsur-
face from erosion. Wet down fo tae-off, this surface ,uou!'
provide low friction for a metal ski 1,uttom-.

The area of the strip Is determin'ed by the vllih ofe the wing
tip skis (50 feet) ani the acceleratiorn run (120 "eet). An area
75 x 200 feet is assumed to give an operatioral margin allowing

80 feet for Jet blast deflection ani safety margin. One end of

the strip extends Into the water to s lepth equal to that of the
extended ski wher the aircraft has water- tal1',.

I °I
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The trmnsition run from the ground to the water has not been
a problem on current smll ski aircraft. For larger and more
heavily loaded skis, the steepness of the ground run. and the required
trim conditions on entering the water amer require the develo~sment
of special techniques (such as automtic ski trim changes) for
successful transition.

3. Water Runm

The non-buoyant attack aircraft with hydroskis must enter the.
water at speeds sbove 30 knots and mast leave the water before the
speed falls below _30 knots to avoid water stall. However, the air-
craft is designed to float in case of a water stall. As iimiicate'i
in Appendix B (Fig. 31 ): the water drag is a maximm at tne water
stall speed and diminishes "s speeu -.ncreezes. The normal gross
weight take-off run from ram edge to take-of f speed of 140 knote
requires apprroximitely 25 secoods. Tedistance iseedt ppci
mtely 3500 feet.

Current experience with tk*e various .sk9 -type aircraft shovs
that planing presents few problem, Stabflty during planing Is
excellent. Nlotably, the ability to perform turns, taxi rvw, and
take-oft. in relazively high cross winds has been dsmontretu for
man of the twin-ski configuratins. It is antic ipated that a tri-.
ski configuration with the am* desirable characteristic&. can be
developed but It ma require trim angle control for the wing tip
Skis.

Although the lening rum is no longer than the take-off rm
(3500 feet) It Is anticipated that reverse thrust provisions will
be incorporated in the englnes. This will not only assist In a
more controlled %pproach to the beach but vili also provide a
powerful. iireticmaLj. eont.rul system with partial vanie deflection.

The lazLdng impact computed as in Ref. 13, for a rigidly
mounted ski, Is 3.5 £ at full gross weight fer a contact sinking
speed of 10 feet per second. tsed upo current experience and
re'!ent tb-orttial analyses, much a Ref. 14, the load factor of
3.5 9 Is es~lnated to occur with a minkis.4 speed of 15 feet per
second for the shock Ptn"t mounted configuration.

The techri que for jyowes-ut f landirigs viil require an approach
close to the shore !ine at a sl.iht angle so that the position of
touchdown Ic not too critical. This will also allow a 1csjger run
on the beach so that a higher groundil speed vill be feasible.
Although In most cases the power-off landing could be ended on the
shore or In shallow water. sufficient buoyAncy toIsnicorporated In tkte
basic Aebign of the aircraft for emergmncy landings in deep water.
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i4. spray

Effects of spray on a ski-equipped aircraft must be considered,
particularly on the engine air intake, The configuration chosen fur
study appears to be very favorable from a spray standpoint due to
the location of air intake and wing. The air intake is well eft on
top of the fuselage. It is also protected by the wing which Is lo-
cated below and ahead of It. irm-thermore, experience har, sh.,
that the necessity for mantaining a fairly high water speed causes
most spray to be thrown to the rear, too low to affect Lhe intake.
The spray pattern would be very much like that formed by a seaplane
at planing speeds where spray is thrown well aft of the aircraft
wing and propellers. Problems conrerning spray arising in a hull
seaplane when not on the "step" or when rising onto or settling
from the step, will not affect the non-buoyant ski aircraft zinc,
in effect, it is on the step or planing all the time that 1 i.;i on
thse water.

Ice formation on seaplanes or the water has alwn.yE been a
serious problem. T' using an anti-icing solution on the aircraft,
this has been prtially remedied and seaplanes have beppn success-
fully operated iL cold regions. Further Int.ensiv- developwmnt
should continue and the problem should be solvable by the time tne
hy..droski airrraft Is operational.

,,._Oen Watcr Ocrat'on

Operation of the wate..based attack airplane from ba";c whpro
b aohlng Is not possible, introducet-t ad4Jtional prot-lems.

7hc : -z:t .= cdiatc net : is a 1& e 1',i 7.h s £ir 'L . A' '

to rest. One such system. reposrt,'i , . , ci,' R#;'.

of a floatiL4 ift -' lent lergth to ree.ilv t h, p' r
ntr-raft pilm aitItional Ier-gth skiffloeit for a' 'ratlon t .
plan .ng cpeed. The cyat 1 . " " t tn 1, FI , . .:. 1',
flrther eve o-m, nt :ur hand 11 ng i,,rger numbtt-r-. u:" p .o.
hrrest n#- .glost segenrt Iz r-Iatively short fumt dn-.rrwratf's
ar.' tinr gear to re-I e the air'raft from the plar .-_n,-r .
Ii, t e.-of' ir.t of t ' 4 _in t. uj& AL M, " :I s i- .re t,
f.a 1'w t u th, ski trackV awsh Xt.Vtt .h, -',rt ,r',
V~. Wat~er u~t r I ? ,' ! r,

.. *r af.! ~ th!~ ~ u'- Ii ,!- w Fk .'r .fLis

: It~ * t a : rt * g 't ,e'! _J:zt. j Vj t w ra'1
09 F"' r. r',. , * " . , ' ' . ': t w:u ' t t :'

' :' ~ tt't,'" ,I ,,- - ;" C i)N', ~t!, 7 rIA L t t'li i; : ;" { r'
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The float system illustrated ir.t Fig. 15 c,,;Id I~ -seh !-n -pen
water operatio)n in comblnatior, with .upply ships and water-based
transports. It would also be used in other areas where the shore
terrain was unusable or where operations might be deiayed by pre-
paration of the beaches. The comp rent sections of the raft would
be air transportable by thi large iogli.ics s-,pport seppiane de-cribed
In Ref. 2. In fact, the li terlng rafts describe, for use with
the transport in unprepared areas coild be 'ised for water basing the

SI: attack airplawe.

Open water operation intr..ces prblemj of roigh water take-
off and landirg. For the ncr,-butyr.nt hytirosk! airorafl there are
two design problems that mAst be c..idered: Impact .oads &s'd z.bh
mersion of the skis.

The ability of the skis to absorb the landing impact in :-foot
waves without shock abeorbers has been amply aemnonstrated. i:n hiohr

avcs, up tc 5 feet, some fjll-scale experience hos bccn obtair.-
which indicates satisfactory loads f:r the hydroski ettack Plrplane.
Howver, impact char tri:r1tics l, a wide, -ange of' sea curlitlrcA; or
in larger wnves are r.-t yet determined for the air,'rK't with chock-
momtoi skis.

Submersion of the ckin during wave impacts is not a rtrlous
probl_.. in Itself. ''ne ski continues to lift even thcigh kubrmtrged
momentar!ly. Howv-cr, tne ibmt-xgcetj and emergence if Lhie ski nos-
gives rise to a heavy spray v.Lich may d-ien,-h the ,n-1ne. 'Fl urm-
it.lng wave ,ize rCr such a -ccndit or. is ant:jt the same a !' )r thc
landing load factor.

It is anticipated that th- oant iit.:ng prokrr- "r'r. or with
Loth mjyl- I and f 2 I -,ca , h'v,, v- i a i r "ral! w!,I ,rovil thf- t-ch-
nical Infonitim for rcy, g water T rntLtm. Ath,,'L'" tit4., it
is rec(reri.I that ,he 'thodMr of :,f' al btot - " t 1: ,
thorouw hly irv.'. t !g.t.,. Pr" 1nIli-, At . t . :- V 3 , t.:' cflL'eth-
i : , o 'ff'ct of a P' I W?, A VR:'.: ' : . , v . -

meu.zr, whi"I ' I; ( r . '-i€ w I V ,'r,.e' ' !' 4 n. I 
, 

. , *" ',-
tnl tl t 0 11,' W il ,t A m t' t. t~ x l ,i ' ' -, I y't "' , " .. .-

I: _*''ur', Fitt. 1" 11 _ . 
'." 10 , H L.-
PAP K VH P A' 7 1 F'II.- .
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etc. are the same for all bases. For the shore-based ski aircraft
or the land-based aircraft, the installations for housing, repair
shops, navigational aids, maintenance equipment, ,nd storage will
be comparable, although the desired dispersion is more easily ob-
tained in the water base.

Both the carrier- wnd the open-vater-based attack aircraft
are a part of a simi]ar self-contained complete missicn unit. The
segments of the unit for the water-based mission vill l-e smaller
and less complex than the carrier itself. cvcr, though the tota:l
services required are the same. in addition, the "ater-based attack
can be supported by air transport in areas inaccessible to elthor
carrier- or iaid-based aircraft.

2. HaridlIng ind Servici:&

The handling and servicing of aircraft has been developel to
a high degree of efficiency on the aircraft carricr and at weil-
equipped land bases. Even in areas of minimum preparation, th-
eose of taxiing or otherwise mov'ng the wheeled aircraft, is faw,-
iliar to operating pers,,nnel. Since the ncusion of wheels with
the skis of a water-based attack desig. was dcte-mircd to be too
costly in weight and vol,-m, additional equipent (dolly, spef'id.I
tow trick, I'.t' truck, or similar eqlipment' will be necessary ir, I
many cases to provide easy and rapid movement of the aircraft on the
ground tas indicated in Secticn A-1 cf this chapter).

This special equipment, houever, vil! be fa.- lighter in weight
than taxiway constrknctlon requirenents for thie land-based aircrrtt.
When the ski loading (less than 4 psi) i.s compared with rorma! tire
presaaures (40 to I0 psi for attack aircraft), the differerce in
surface preparation reqs.rents for the taxiways is evident. All-
weather oeration of the land-bwe-d attack a~r'raft will require a
pierced-plank, macadamized aurface for taxiing or parking whtle the
water-based aircraft will need no preparation beyond tha. providei
for the trucks arid other Yehicles commn to )ioth types of tasir:.

l. landin g and Take-' ff S urfac, s

With allowance for a safe stopping margin, the att,j-k aircraft
detign used for this comporison requlrvt apprLimatel'y (),000 feet
for take-of! nd linding. The carrier flight deck leng1w ir only
n mnll frncti.;n of thi distar.ce by virtue or 3elf-g-,.rate,! w1kI.,
arreseting gear, catapults, and exceptior..' pilots. On the s.rcmid, th,
nurfacf yr t te Sl."A t lly comPR(ei and covered for the :uj dlstanrrt
with uuf'.0ir At width to alio-. So' apprwkch error (approimtely
150 -'001 width r-qered, tr. L'

_______
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These costly prepared strips aire alnkost entirely eliminated
with the waier-Uased' ooncept. Only the short acceleration strip
(approimate~y 200 feet by 75 feet wide) need be surfaced. The
most restrioted water area for take-off and landing (narrow

a carnal or river& is equivalent to a one-strip airfield, while
5 the usual water body is of sufficien~t size to allow simnultaneous

take- ,ffs fro, a nnnber .,f keparaLed shore staticn-s.

A coajparison of "erratr, requirements is also significant to
the analysis of take-off and landing surfaces. LaA~n-based oper-
ations require a relatively flat and wrll drained surface foi-

I runways, taxiways, and surround .g facilitie.s (abo-ut 2 square naiees
U per strip). The hnydroski. aircraf't requires a reasonably sheltered

water area about 6000 by 600 feet Csna.cv water, marshes, show
fields, etc. are satitsfactory if air tranfspcrt is not needed for

supplies) with a sma~ll, reasonably flat b-ach and, shore area for

support facilities.

Geographical ctudies rcpor-ted r R.f's. 1 anrd 2 pertain par-I ticularly to larger and deeper water b~xles thar. those required
by the hydroski plane alore. However, even, = that basis, thle
relative availability of water bodies and suitable ground terrain

favored the water basing sf aircraft in the Eura.;lan land masr.

It should be noted that there is another advaintage In theI osinplicity of vutei ba.zing where small operations ror snort rwr-
odoftime are necessary. Tr. this ease, It imy be -5sirablc

to operate from the beach or rafts with no preparationr of The
area. Instantaneous availability of the base woukd h#e 1im1tedi

only by the auouuit awa quality cf the beach or tne atdiity to
transport rafts Into the area.

1 4. Saety

It appearo that a f &d ,iiui in a sti nlrcraft rtesults
in ronsiderariy leas thanre cS p1=t-htfrel Injury anid ronsideriz.,
more (-t.ance (-f'rcvr~ the a rf-raft uridpim~gel than IL the
case with 7'onvrntional aircraft. If tip,L , vr faced with a
forrted Ilandtrg, he would have a wilie (huicf' of swrfa-s uipor vhirh

nsafe la~nding (could be vadec. The only important r-qrew'rnt
would bie a reasonably sooxth ..v'eand it wou.1d not mnttvr

r~whft !t was. It vouli be- i~ot vru±, watr-r, snow, ttc-.

In mos cases where th,. -r -ritr. 11; vatf f., Fia I V

be posvlbie- LLu provide corG''deraty rtr 0!a. thi rln_ m
~trar-a. TPhis would rtkiu L iv p 0w. . gr-ator sitf-ty Ilur: np

a tl ort e, t tr -of fs ur 4n - r I t,-f '11 ! rl tthe r I t i . Pu r 1 ji
of takt--off or lrtnd iz-4. Foi rev ma. fuivtl rur nI ng apitake-otfehavea I wy u~bet n -riti~k f'I c l rts .nud
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of limiteo. rnvay space, soft or rough terraini beyo-Ad the rurnray,,
and the usual. obstructions.

Beyond the safety factors associated with imlfunct ios, the
water base provides e~asier landings in limited or zero visibility.
Because of the size of the usual landing are& andi the excellence of
rad~ar contrast between landi and water, either grnid- or air-con-
tr~p-lled landings can be r-c'utine. This hanr been demnstrated at
xa..y hvea exercises where land- and carrier-bftsed aircraft have been
greraxvided by heavy fog whlLe seaplanes coiatinued to operate.

This capaAlity for all-weather operation of the water-based
aircraft is partic:ularly Important to the attack mission. Transient
targett and the vulnrability of the base to attack make prompt
act ion imperative in any kind of weather.

Whereas the carrier aircraft for ani attack mission can gen-
er&:.lly operate from "and bases and !and-based aircraft can operate
from carriers with the additio. :)f arresting hook (and structural
obeef-up), both wheeled vehicles wre restricted to prepared runvays.

The water-based ski configuration canl al.so be modified to land
on tht carrier deck an-i be catapulted for take-off (see Appendix 18).
In addition, the skisi are suitabic f --r landings cc mrud, snvw, iqd
plcved fields, anA P1lva surfaces - Oas well as on wter.

Although operation of the skis on rouAgh onr abrasive surfaces
will require special bear inC. skin or frequen~t r'eplacment, the
flexibility o& such a system makes It Idesl fvr as.taek missions.
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V. EVALUAION

The various types of attack missions, the characteristics of
a typical aircraft design, and the operational problems to be met
have been discussed in previous chaptera. Early in the study it
was determined that 1 ie capability In the air must and can be
equal for the land- and vater-based aircraft. Thereforethe eval.
uation of the relative merits Is primarily a comparison a the

basing system.

Several typical typ--s of operations vere used to establish
the size of the air group and the required bastes. For theue 'oases
the relative vulnerability ad mobility were evaluated in terms
of dispersion, logistics, and cost for both water- and land-basedI missions.

Water basing offers a means of approaching the ideal in
dispersion of aircraft. Although the neaness of the water bodyI to the parking and servicing areas 1ativdamed additional types of'
damage possible In underwater atomic bursts, these are relatively
ineffective compared to the damage of an aiLr burst. Thus, theI value of the dispersion afforded by vvter basing Is not reduced.

Tonnage requirements andi related costs are lese for the
watear-based attack system, particularly fur the smller air grou~ps.I These lov'er requirements, in turn, result in a shorter time and
lover costs for moving water bases than for land bases.

I The mobility of' the water bases for attack miasiona, vlus
the wide &vailability of suitable water bodies, gives a greatzr
flexibility to wntrr-based systams.

A. 3ThMTY2. COBID

The aircraft used for the evauation ztuty 13 a supersonic,
turbojet fighter-bomber of ap~prximtely 30,000 pounds grosfA

* weight. Its co.-figuration and capabilitter are Incluaed in a
- supplement with a BERET classificat~on (see Figs. 7 through 11).

Prrnbleuii of landing, take-off, anid ground handling wrre discusard
in the preceding chapter and the feasibility of the method of'

operition has be#*n Indicated.

Five types of' baties havo been considereKd in the analysis: seal-I permanent, temporar-y, airhpad, small airhead, anti carrier. The
numiber of' aircraft facilities, personnel, se.4.jly systems, and other
p~rtinent data. are givrn in Figs. 11_ and 17 for e'ach type of' base.

Li COWMAL
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It should be noted that the carrier is Included In this
analys!s on a comroementary basis rather than as a copetitor,
it is beyond the scope of this study to investigate the many
additional factors significant to a relative comparison of
carrier and surface basing systems.

B. DISPMS ION AND 1"JLWWAFJILITT CWARMiON

In this section important features that cause water bases
to d:ffer from land bases in their vulnerability to attach are
indicated and discussed. The effects of atomic and conventional
explosives are included in this analysis. Since a thermo-nucleur
weapon can Irreparably destroy either type of base, 'hiz type of
weapon Is not pertinent in this study of comparative ulnerabi-.
Ities qnd Is excluded from further discusslon.

j 1. Disnersal of Aircraft at Land &nd Water Beses

The ideal dispersion pattern for parkeu alrcraft is one
where,due tn sufficient stparation, z~ch parked aircraft s
more efficiently attacke& as u single independent otJectixv-
rather tann by area bomb!!g the dilpersal site. Divu bobing
and fighter attack at minizmm altitude a&r the tylw-s of attazk
geneImlly 4irecte,! agai rst si:&ge aircraft, aj dL'spersal be-
yond some minimun has little direct effect against Lhese neth !.
The net gain frow area bo ing of the diseraal sit- cbviouslyg declines as the density of aircraft withIn th e ilsp ,rrt! arca
decreases and ultImtely Is reduced to a value below th.e ganrn from
types of attack ilrecte4 agalnut alngle aircraft.

Land bane s. Plans for lanO basei inicate that a CC t
separnt lor between hardstsmia f.)r parked alr;raft Is ies~rei

9 t1cir, to txpenfivt. Planers have aioptei as a rr t] f-os -
prront's th'" !'ie% of c-It rters 'f thr 'teavy t,,btertz .)- &Ix mW-i in
bcmbers Ion-enrrated i r ftr4ui iar ar"'Mt. ,hLtFc rvct t'kqir

arear. ,uar ntparated by lOc 1 et,.

Thi! ~itln, tt'- 1*tatt~ -; sIn'a for lw4 tjflal~vf
t y 0 ' -tho m 1 pre, r ls th' ent ,, i t r, a I t oln r , , t ' y

sEm1 er yie '. p a et 'Ifl' et 'CZr

- - c! ,ttn - 1,,Ml1r,

Cot4Roee'I, -
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when the aircraft are shielded by itatural features. When a si%-
able number of individual aircraft are reparated by 2 or 3 toilet,
operational control would probably be probibitbly difficult and
ground defenses badly wsakened by dilutioai A mor. practical
optimum for aircraft dispersal might be a Inttern of clusters of
aircraft, each cluster separated by 2 to 3 zxies and the aircraft
within the cluster separated by 1500 feet.

Land-base dispersal is limited in part by terrain features
and availability of real estate. Besides Eiditional land costs,
increased expenditures are necessary for a larger intra-base
road and commmication3 system, louer taxiways, and more expen-
sive protection agairst encW infiltration.

Water bases.- The samewhLt linear dinpersal of aircraft aleng
a shote line, as shown in rig. 19, reduces the number of aircralt
cpyered by the lethal area of a single atomic bomb as compared
with the usual aircraft dispersal at a land base. At a favorable
site for a vater base, it is very likely that the ideal in d'sper-
sion of aircraft is economically attainable because of the avaul-
able physical resources. The aircraft dispersal area is the
shore of the water body. The requirements foi- an interconnecting
road and laxistrip system my be omitted nd water transportation
substituted. The water body may provide a partial barrier against
infi1tration, particularly wher the water bate is on one shore of
a river.

The possibilities of dispersal affordod at a water base arc
far beyond those of any previous operational experience. It is
conceivable, foz Instance, for the aircraft to be distributed
along a twenty-mile segment of river shore line. This dispersal
is particularly possible for bomber opcrations when sufficient
warning can be giver before take-off to prepare for the mission.
Although gre.ter dispersal of aircraft is attainable through
vater-base operatirus, it i not certain that a simrlar claim
cai be made for the dispersal of servicing facilities because of
the interdependence of these activities.

An indirect benefit of wiae dispersal is the increased ease
of concealing aircraft f rv. attackers. The attacker t spread
his search effort river a greater area. Characteristics of the
shore line may alro favor conealment. If the ah)re line Is
vooded, the opportunities for concealment are in-weA. A steep
sloping ba-nk along the ei,. of' the water may also hide as we'l
as shield tht- hydroski airc-raft. hy scooping out the ban1. with
earth moving machinery or ty Ulnsting, a ildging Is quickly pro-
vi iel, an.i a cover that blen4i with the urruunangs wiil furaisah
a high degree of (oncealment. Or. unpaved grourd caiin to its
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I
concealed location, the hydroski attack bomber will leave short
tracks that are more easily obliterated than those from conven-
tional landing gear.

Unless conceali&ent is simultaneously accomplished, disper-
sal above a certain degree merely dilutes the defense. Thir

is particularly true when the target deforse consists of AA guns
where dispersal reduces the gun coverage. With missile defense
of air bases, the loss of defense density is much less because
of the longer range of these weapons.

The topographical characteristics of the areas burrounding
water bodies are apt to differ from areas in which land bases
are located. At land bases, the runways, taxiways, and disper-
sal areas must be at the same elevation. An area that provide.
terrpin suitable for a land base is apt to be an extensive plain.
Here there are no natur-l features to provide shielding againsit
blast and framents or to providc obstacles against aircraft
attacking at low level.

The low level attacker has an unliuted choice ol approaches.
This situation may be considerably altered at a well lorate d water

base. Besides furnishing shieldirng and concealment, steup banks re-
strict the direction of low levvl approach and ralie the altitude

for pull-up. Figure 20, shcving limited scce .,, Is t)vr'cal of
naturaly protected water-basin: sites.

2. Special Vulnerabillty_ Problems of Wmter Bases tmosr-

to Atomic Attack

The proximity of the water body to the base exprices the
aircraft and facilities to special types of damage not pot iibl
at land bases. This Is due to atomIc b"'sth on r telow the &,ir-
face of the watcr. Such bursts will cmse a wave that may damage
aircraft and fat til*e6. Also the felj2-out of wnter afin. the tabc
turge foilnvI,4 th, ,urst. are ,o,irce, of rwJic!igcal ccntamt fat Lmi
of -,e water bese. A 'hirl t.pr-tal v~lnerability protlem Is the
possible crntering of te !'Io,_,r of the water bc.uy, whthih might

rsiie th' al r-raft tc n rin nLL, y

Qua.nttatv,:, Jruormat1 o r.lat inp to th,. #,'ectri of' .;urfac,
or underwater letrnt Ions a, be Itv,- e * 0 be- i rIdequnte to iL) mor
than provI,l, ori-r-ofr.no ,.' ;v e. -t. rntcou The ava i ltd , iv xper .-
mental 14t.i1 n r . aer .r ,x, (Iai<c It "y ' no it,. tIc *I-

aion itormt It:. i . ' r- ! ' L't t'f." X ,f - Ut" -,' '
cr-; 1*, t :vi !%r, at. pr :- t - tt.' . ,

CONFO4TtaL
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The wave effect,- The wave phenomena aeCompany-ing a surface

or unTrwvtcr burst is described in Ref. 18. A deep water body
I rn' s of ae aurse. The de inied heig .ofA v htadjacent to the base increases the vYthnerability to wave damage.

Figure 21 illustrates the relative effect of water depth on theI rangs of wave da ie. The minimum heieht of a wave that will
dar ar agatnd base facilities was estimted at 10 feet. No
reduction in rang has been taken for the decrease of wave height

after the wave enters shallower water. Figure 21 also couares
ranges of wave damag e with the range of dama~e to aircraft from
an air burst at optimim altitudte. It is elear from this compari-

an tat the damage from air blast is greater than the damage fromwt vles_ inr shal-low water. In view of the wide dispe -sal of aircraft
eta water base, it appears that If the depth of the water body is
letss than 10O0 feet, an underwater rbursJt Is not as efficlent. s an

I air burst against shore facilities.

Thus, a shallow water bodyv adjacent to a water base .does ntoo
add any likelihood of that base incurring greater physical daae

thIn a land base under similar attack

Radialogical contamination.- Radioloicsl eonts' .l'-tion is
m not thought of as a primary means of reducing the effectiveness

of an installation such as a land or water base. Radiological'
contamination is primarily a method of effecting personnel casu-

* alties rather than materiel damage and an aircraft base is pri-
warily a concentration of valuable materiel. To optimize the
degree of contamiLation, an underground or underwrter burst is
required. With this type of hvurst, blast and thermal vfftsL
are greatly reduced. Radiological contamination is thus a bonus
effect for military targets that are not apread over too great an
arcs where the blast loss of a single bomb can be afforded. With
ito wide dispersal, a water base does not offer tho enemy this
type of target.

It has been predicted that the area highly contmirnat-i by an
urderground explosion would be smaller than that of an urterwater
burst. One reason is that Lhe density of soil is greater than that

of water and a smaller muss would be thro 'i into the air to dt'icrnj
at a distance from the! exp]osion (Ref. 19). Coevrisnn c! results
of one uwdtrground axd one tmdervater burst docw not clearly
support this stand.

In an underwater burst, the inritial gamma and neutron radi-
ations are almort completely absorbmi in a fem ya ls of vIe'r.
riere in little neutron-lndur'i activity froa ar und',rvatr ex-
plosion and Lhte rmiiuactlvlty created has a short hal-ilife. T.e
rail inn f. i v- mjnt-,r. i1 !% L%o datr wi II, tpidLy bl.,oe, , ict teitlv',
t-'caurt of the di lutior, twe to mixinr *ater. To contao'nate the

!-
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shore, the flssion products and Anduced radiiective elements cuat
escape from tie water and be deposited on the shore. For appreci-
able contsmination, the uudervater atomic explosion mast be so
near the shore that significant amourts of the fall-out of vater
adnd the base surpe, consisting of a contamimted dense nist mov-
izig outward, will reach the adjacent land areas. The mec b ucs of
base surge formation are not well adleray.ood. It is believe, how-
ever, that a base surge will not appear in a shalo water detonatim,

The amunt of induced radioactivity folloving an underg-aund
burst depends on the mineral content of th soil. 1%e total radloec-
tivity may be considerably Lore tha, that. resulting from en 2&ier-
water burst of the same yield. Also, if the bomb is accurately de.,
livered, all of the radioactive material is deposited within the area
of the base.

Thus it does not appear that the water body constitutes a poten-
tial rediologLtal hazard to the water base, particularly if the
water body is rbaLUcpw and the base surge phenznon 1z not prcaent.
The water body is not believed to offer the enow a means of c"ntam-
ination eir erior to means existing at a land base.

Cratering the floor of the water bo%- Craters on the floor of
the water body caused by subsurface A-bomb blrsts my be of practical
significance to a water baze because of crater lips that block take-
off and landing areas. Since tke hydroski aircraft does not sink
more than a few inches when rovtng at a rate above the critical speed, I
obly crater lipp extending above the surface of the water are signi.-
fiicant.

The dimensions of the crater deped partly on the geoloical char-
acteristics of the bottom, A lArge single stage bomb detokt& on
the bottom in 50 feeu of water vill result in a crater diawter of bo-
twten 1,5C0 and 2,00 feet. depending on vtether the bottom is "hard"
or "molt," and corresponding lip beights of 35 and 125 feet above the
bottcu (Ref. 20). In 100 7eet of water the Aimeters and lIp helits will

be somewhat less and will contln-.e to 6ecrease with ixcressing depth ade
water. Although a weapon pene1.rati ng the bottom before detat ion will
cause a larger crater, It is unlikely that an t wou1d be wIlli to
sacrifice blaut and thermal efrects to crater the wter body. Re would
lose the bcst rffectr: of the weapon ibd diarupt the use of only a r AJ -
tively small part of the water body. Rven If the crater lip does 4Xtend
above the water, it will not be ipiesmary to reduce the lip when the
water body provIdes an alternatc operation&l xar-. A problem In re-
moving the lip Is presented by -ts bh1ghlY radiastive cont;!mt, Co-
vcntlonal explosives may be employed to reduce ti 1.ip.

7he lwu l-babed counterpw-. of cratcrif.W the floor of th wvater
lod, by A-bomb bursts ii damag!nFg the rta.S uus t", wnys, mIe-eral,

Ote :ratering of runways wil cripple the r',ernttaa of a field. Ths
w'3" d.!mpoas greater rtepa!r I1,tlr ... tnta In both ttis e wo mterial than

M I
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would be necessary for water bodies. Mip-rience indicates that
I conventloqe? bomb hits of about one bomb per acre are required

to render a field temporarily inoperative (Ref. 21).

4. llieE'fct of the Water R2Xon Radroii
As noted previcusly, radar reflects well from l.%nd but not

from water. Hence, the contra,:t between vetr and lu,d -M a

I radar screen provides a good appr ach and 3n easy taerget fcr
radar bombing. The radar reflectivity of paved or pierced-plankrunways ar d taxiwv&ys at a land base also contrasts with rurroundinga

I but is less pronouanced tha. land-water eontrast.

The contrast provided by water and land bodies lesas to
improved bodablng accuracy. This improvement has beer e-tiaated

W in lef. 22 which classifies tnr{geta attacked through radar bcmb
sights as "easy" or "difficult". The zircular probable error of
bombs dropped by radar aiming at an *esy' target is approximatel.y
25% less than for a "dirricuit" target.. rhese categories are
defined as follows:

1 ) Easy Targett

a) Targets with the aiuing point within 8 Wmes of
a land-ater contrast feature such as a .... * c
lake, or large river;

b) Industrial targetc with prumin. nt aimirnW -nr.ts at
I ~least a mile outside the periphery of a large c4ty,
U i.e., a city with an area or over 18 square miles;

and

c) Targets dithin small cities, .-. , -," wiLh an
aren of less that 18 bquare miles.

II :1) Difficult TarutF.

a) Targetz In, or on tht p :lphery of, iarg 'Ite:

andx which do not. '70 1 intco rh "ery' t9ar,11
Sgory by virtu" u! t'ji:-water -ontrast.

It is &esar that a wat.r ba,. Is an "e&sv" t.argvt b'-:aunr orI thr' innd-water contrast. It is f sc 'lvr that land b~c woul
fal into the "easy" o-tegory if, there were wat,.r bold s within q
miniI:. Tn mo,,t rast-s t.e ranilr r,-rlee(-tIyty of a rfh,.l 4 fi'.tires

Iontra.1sn sufrI('ientl, wit, sarruLr.tt t,'rraii '-,, that lan , bawtr
may ilo " "nt, er'e: avorst |,t radar t ct nrg ta.rgvts.

I
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C. LOGISTICS ANALYSIS

1. Initinl Toinage Requirements j
Semi-permanent bi-.- 'Mhe initial tonnn4ge required for a semi-

permanent base is estimated vith the aid of Ref - 23-27. The main
constituents of' base constructon are runways, 7 prons, operational
and maintenance equipment, and personnel facilities. In the semi-
permanent type, the estimate for base construction of a land-based
air group is 17,451 tons and for n water-based -ii." group, Iit.55
tons. The main differeric- in requirements between the two bases
is that a v-ry sall runway is required for the water base. The
initial supplies re4uirea, which include two weeks supply cf pet-
roleun products, an,unition, spare aircraft part,;, and spare parts for
other equipment, as well as personal gear and fooo, armounts to 5,3C7
tons and is equal for both vers.onn. Total Initial tonnae req~aired
for operations will be 22,75A tons for the land base a nd 16,")62 tons
for the water base. All tozu'age requirements are sumrarized in
Table 2 and shownr graphically in Fig. 2,,

When staea in terr_,m of' requirerent - pr-- inr :tion fir-raft, tne
Lase construotion requIr'renis amount to 93.9 ton: r lar.n-t.el
aircraft and 129.5 tons per water-basei air-raft. Total iritial
requirements amount to -'5 -.9 ;ons for the land'-ban,,< a,'-ra- af!
1 8.5 tons for the water-based aircraft.

Temp ora baie. - Apron space, i;v, z., vr.,A:ttic, !nr, i-,%. cthcr
Facilities are oheaper in a tempora , Lase tian _r. %
lu± v. Inih fal tu lt , 1- j'Air-. ;7or 0,, l a . -Lh- , ,! .- u -! I!
11 ,OQ ) tons and for the watr ta',e construct ion, 2 4 t :n. . Th,
in i ti al s uppl ies for the t operK)ryro , 'st .rt' I .7 ,ts't to-,

are almc.,t WO per -ent lecc, than t hore ",r the e - w rcanot
Phe totnl in ta) tunnnoge r,-qu rt- t r "',.cxr'er Inn,

l ,8",% trcns FtnA for th- ompc,-pry water c 'ai', \,1. " !

A!rh rht1 u : ,' . - r...v 1: t, : re- * . , -t *
,i !I r

t.,vhi,¢),rary t%.'i, Tb, .7-, 4i , Jl 'I t-' r th, t t- ,- k :L * :

1 " "; j:;,o in ii1ri ,1 n 1 ., . r, , ,tt. tha .w, t, - .. - r- 1v,. I
T h ! : , r- , ," .',,n ' - -z , ,' , l l'' .. .!' !

' 7 , ,, i t~ l t1 -I!, ' "''r . i' .4 ,: t$I 'C t~ , tc

Li. i *'lf WW V

'1Or

" II !1 !| Il! ] f IPllil l i1/! I lrlliCI0 ;1P"1111tlAL
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base c'crttruction and a veryv few equipment items, are reduced to
one-third of the tonn~age requirerts of the large airhead base.
The fact that the rriay' is iderntica-1 in the two sirlheads results
in appreciably higher tonnage requiremerts per siasion aircraft
fc~r the land-based version of thp sma;l airhead than for the usual
airlie.a. The tutal initial base ts_-nr.age requidre"' Por the small
airnead land base is estimated *-) be T.497 tons compared with
1,891. tons fi.r the sma.. airItead water base. Iniel~ supplies are

a 1,769 tons for both versions. The total initial tonnage required
for the land-based version~ is Q,266 tonts and f,;r thie water-based
verslon, 3,660 tons. Wher stated In reqAlrements per mirsion

aircraft, the total initial tj.aage t-r th', s=11 airheaa is~ 308.9
tcras fo- the Iand-based version wid 122 turs fPbr tfle vater-based
version. Relatively speaking, the land-based system siffers when
the smaller mjnIts are c,-mpeard k'Lec Fig. 22).

4 Carrier base, The cnlplrir.r .)f carrier-bazed airc-a't wIthA
Laxid- ur vater-babed aircraft operating inside a continent is not
a f-ilr 'cmpar~szr,. in marxy cai~ez, the- carrier-baseI aircrart may
be complemertary t - vit'i.r the !&rA-bared ..r water-t,4%beL; arcraif'
rattier than a riva. -rf (ltrer ~ ~carrier lias certair. ad-
var~tages, siar% as trie abi-'ty to move aL WIL' through ope1' seaS
and hence can attack coastal areas and cantigujus in-and areas
that are within the r-adijs of Its aircraft. 1"he carrier cannot
get into the Vaiga F~iver, wi+ereas lar.d-based 2~r water-based ctii-

cr-ft may operate there. The land-based or water-based aircraft
wfi rt be abbw t:; attack a c-,astai area .,n.Less )l'ses are soeeuredI

withir appropriate distanves. Hee, it Wst be revembereAl that
inasmuch as tne carrier is incL.Aded in this copaxsz, the c..r-
parison Is of complementary methods c~f 3perat]c'n rathv.r than rival
mnethods of operstlc~r. It is assizmed that. a carri+er k~ispiaclng about
45,000 tons can base nin air g-cup rGf 90 attack a~rc-rdt. In~ this

I cnse, the Initfa. tc'rirnee vill be 5,00 tln- y-r vrissicr airc-raft.

2. eift'rt Sappi.ier

Th e uog"sti 1 cts re: i remeit s vr! l Ie 6 If' L-rkt ion arf*
l argely deperdent up)% ',he amii lt : t. Fund pet r 0 e~mn supp I ic't reedied
''wSP n.Upj 1 1 f , SI. LWi. Ii I p. F P .R i nz-4i Lr,.

Iwnter bms-s and wi11 deIAnn! upoi' tht nuab..-r of cir' ies~ fiovn. I r
U 2C scrtlr pcr mouith ar-t, n t -iae. eqiireo ;xer misbl i!:

airornft per mnth Is ert Imniv aL lit.2~ tw t , ant!t

I ,ir~~fI> :wT-. tric tc,'!n849e r' :tiae t t-

rrth rij,bvr (., tI i I * r J A: rcq,. i r a- .xm r- ,
t4.rminino 1ht !iimycib -r n ~ir-raf" - , i' ~-,! I , tpy A jt

alp l I1-'d.(- 1:11ttpt'i a; 'r , ; -1 -%. -- " . ,;r a mr'rl : n~r
piled for 'i r rt it- ,-r m i ty (n~ I h~rrf:,t . hr,
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I
runvay requirement as simple as possible. The projected water-
based transp-rt aircraft described in Ref. 2 is assumed to
supply the water base. Si= of these aircraft will be required.
For both types of baces, the mission requirements for the small
airhead are reduced 'ay two-thirds. The empty weight of transport
aircraft required per mission aircraft, shown in Fig. 23 and
Table 3, I 14.9 tons per mission aircraft for the land base and
7.9 tons for the water base.

1 3. Tcnnage Recoverable

It is vezy important to consider the tonnage that can be
salvaged when a base is moved. Tonnage that is salvaged reduces:
1) the weight of material that must be transported from the Lnited
States to foreign areas; and 2) reduces the cost of war to our
national econcmo. In all of the- 1ases examined, the runways
buildings, and ground construction work are not recoverable. The
materlal recoverable when moving is primarily transportable equip-I mont.

The tonnage recoverable and tonnage lost are summrized in
Table 4. In a semi-perm-nent base,, the tonnage not recoverable
per mission aircraft is 167.5 tons for the isd base arAd 103.7
tons for the water base. For the temporary bnse, cnrresponding
figures are 106.6 tons and 40 tons, respectIvely. On the airhea1
base, they are 105.3 tons and 40.4 tcd'N respectively. Cn the
small airhead base, the water-baseO aircraft compares more favor-
ably than on any other type of base. Here, the tonnage lost. per
mission aircraft is 229.9 tons for the land base and 38 tons for
the water base.

In this comparlson the aircrnft a:rrer is more economical
I than hny other kind of base because it can be move,' fror, one lo-

cation to another with no loss of base cnst'"ction or InlttaJ
cupplies. These data are illustrated in Fig. .2.

I4. _umr

SThe- t(uiage requir,.d for tw witer-based attack bybt-m ia
ronsistently less than for the land-basea sybtm teCiU's6. Of the

smaller amcuit of aurfaolrn necessary. The aiunt lost lue to a
ltse move 1c greatest ror the laWn. bse. Th, r -lativv' Ldvanta

*of the wnter-based syster increases with a decrease :r oil* of
the air Ktoup.

In the rirhvn1 even the rev. ,r supplie- ft ,. dc a -'eter
nroltl.m for the Ia'n, base becausc of tthe Im:t t -. (. of" lrarns-
port that must 1wi, on 'he mini um rinwry prepTrr- . htt,&,K
..!r rnft.•

i, flqr* f
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Tr.-: flexibillHy of this attack weatvcn system will depe-nd

I upor. the r.imber of sites at which it can be basee, the facility
with which Lhese bas~es cL be m.:v'ed, the nambe-r of avyiiiable
targets fo.r the mission aircraft, the capabi-'ty of irig the

A aircraft effectivelN, in~ case of emergency, and the ability to* g move in respor~se to vario-s types of eneW attack.

1. Base AvaL'abltty

I Ideaily, the vater at a water base m.,t be deep enough to
land the large tres;uprt aircraft thuL are 2aRpnheo of --ripporting

I the attack aircraft.

In the E'&rope'-. land mass there are:

11: W)cz 3,000 lakesa~~ ofsficertsie d depth far

p,.:t cperati..i,5 voald be r.Ap-irted by wuter-based
aLLatk air-rafti

2)An *!Z!Erveved but l~arge 1-L~mber )f &dd~tik-'.&l lakes
saitable fo'r the~ attack aircraft alone;

3; 18.000 ml.,es of rli~err and canaas havirW st, ,thes
,)f su.I;e.I~ze and di Fth tc Meet gross-veight,
reqLireme-.tn 1' the wr a-dtranstw'rt.; and

4)35,00( m' -es c.' ,astai %rters v ita, rir- h'.ndrediz,puf 7*'! suliti1e f-.- acphit ."

~.Base Wi

A ba~se is ~~sd t. IL~ vtN. wt-r. 'i ac trt

i n i1 I'inkls of won~ther- 1;nvv hoci I ~e..:-

3 Wil ~~ base'n prIcor t) th t int u..ler: t'- kwt ~ C~lh

U ~~rrf ~rn~ry ~±: :4~'
~whri the us-aai r-,,nv~,y.i are I- r i f , I W r-nt I ')I 7v v'er,
iUelievi.;i t h,,1 the f-~x' ~e~~Ina v.'n r w

3 ~ ~ ,,il I- c~ri n firmvr bi5 t~h
?,ii . i -ilve rat, :-.fls ro tv; *A)en. .. 4r.d -try

r u e1 it. r,'r It to *n !h" .t ' . -'.i t I x

r

CCPW
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aircraft to establish operations for she temporary land base is
estimant-d tl be 103.8 tons and for the temporary water base 28.9
tons. In tae airhead, the corresponding figureb are 106 and 31.1
tons, respectively. In the smal airhead, the minimiu tonnage re-
quirements are 247 tons and 31.1 tons, respectively. It is con-
sidered that a semi-permanent base will not be constructed when
frequert muves are likely.

Temporary base.- In the comparison, temporar- bases are
moved by truck. The number of trucks required will be less if
s'.;fficient time can bc expended t" permit the trucks to me
=2c'e than one trip. in this study, the reqairements were Ir-

stigated when the tuacks make one trio and wher they make '0

trips. These data, susmarized in Table 3 and Fig. 214, show that
if the move is made In one trip, an average of P0.8 rive-to
trucks per mission aircraft will be required to w- R land base,
and 5.8 iive-ton trucks per mission aircraft will be required to
move a water base. if time crn be spent tr permit 10 trips per
truck, the number of truicks will be reduced tz 2.1 and C.6,re-
apectively.

The time required tr move a base from one site tc anoth(r
is measured from the time that a decision is made t. take this
moir to the time when the base is fu1l4 operational. The time
required is investigated for a move with truchs making one trip
or ii trips, for distances of 200 nautical miles or 4M0 nautical
miles. Tr. cio7-airng the movcn.nt of the temporary base, the
requirements for planring and preparatPde, inclid*r4g initial
loading, were estimated t,. be 24 h,,urs f-,r both water and land
bat-r. The time in transit will vary. with the distact and the
nw., xr of trips, but will be the sam for both tpe -.f bass.
It Is estimated that the -unvV' i , be construc',-d t-.ni made avail-
able for ,perat, on. ,; 3603 hoists. The total 4time re quireu to0 achie\-:

ftul" rperat_:one is rnot neces-t-ri .y the z of mvir4, and caiEtruc-
tl,r ti mer, cii,,e wu(h (-,f the moving can be accomrpliahed whl e the

r Lnway 's belng -!onstrcted.

The tcv. time requ5 red ver, s the i xnt r )f trucks required
is .11ictrated Ir. Figf_,. '5 and L,, t-,tm&. tlmo r,"q.1red v'rsus the

di~mov(.d ir- -hc.w. 1.r, '&'Lie 1 w.,! Ffiz. :11. Tmicce c prisoais
shd that ' water taties ai' capbie CT, mrm rapi,: . vemer~: thar5
t)Lt _r.Ld la . . F*c-r t, bn C m:' C f 2C)C'a-t1LL n . I~. t, 11; efrt I
va.t,.d tut tht .an ),nri;e cay. e. v hd r,! made aw.vma ble fr oper-
etict, In ' J hc)L ; .t ule trit. 1-kr tr.'k -mptrt-,1 w:th 48 hours 1'o"
tt+ w.'t,-r brrf - If 1k t: :p: :r r -': ., !ir," .lu' k tim weqW.. i

4,,

tr 'a d = ,In u ' r - di !t ! , i , r, Whr.n the 1 't n n 1%f-d
4('X) 

, 
!. k ,t: , t mv re. rtv. r- ' ,r '., w ',i [ ,' w-t.e ,t.i

; ,'.r Lj-,);k 4 * 1!: c o7er bai>'- 611ho r.

Wht i t -;,' ' r.r ::-3 L . +'a:e ' .if' sa tr, -T. ! r- n n L9t] 43C
r I
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Airnead base.- The comparisons of time fo- airhead estab-
lishment In Fig. 2b show Lhat the water-based version has ar
advantage over the land-based version and that the time rcquire-
ments are identical for the large airhead and the small airhead.
The number of transport aircraft attached to each tactical air
unit is considered to be Aetermined by the requiremnt for opera-I tional supplies rather than by the requiremenZ for base movement.
For the airhead and the small. airhead, it is estim&ted that 390
hours are required for a LO)0 nautical-mdle move of the land base
compared with 40.3 hours for the vater base. If this move isS400 nautical miles, these figures are 392 and 44.9, rspectively.

Carrier.- Movements of aircraft carriers can be made in awhI shorter ti't.. Assuming an average speed of 20 kr.ot., a carrier
can move 200 nautical miles in 10 hourR and 4.0O naut&al milesr 1%

* 20 hours. So initial preparation tine for runvay comstractlon is
involved.

Enem interference.. Novnments of lend and water oase,% in"Ive
many logistic problems and are time cousuming. In this analysis,
possible attrition to the transport aircraft mnd t!,r'ks making the
movemer.t has not been considered. If attrition rates are signifi-
cant, the costs of such moves may be prohibitIv . If ene attack
on these lines of movement becomes important, the com rison ril
favor the vater-based aircraft because of lovwtr tonnage requireimets.

Iffrective Action In Strate6ic Dwrgencies.

In cases where it is desirable to eaceritrtLe many tactical
arcraft in a relativelfy svl are^, such as bringing all the1 tactical air wings in western Eumrpe to bear 'ipon me sector,
-ffective mobility will be requIred. Since the water-basod sys-
tern I mo~re mobile than the land-bastd syrLew, these bmeo cculdI be rapidly mo-ed from 2xlsting Rites to a conceratrated area t'or
operations. kid since there are prati-,-1,y no areas 'n Europc
where adequate water base. . are not avallable within. the radiuz :,f5 thit" aircraft from enemy target,, It mppeazrs that the water-tabed
attack aircraft po sS&ses the capl 1bi.ity of axiwam consentratior
whenever strategienl iy vecessary.

4. r rrective Muvewut In,, Rtponsc ta Attsc-k

'Here agnin, mobi ity is of prime Inport-nzee, Ir th" bases amr
suitjec! to attack frcA' enewy tactica. aircraft., thoy -&n be movwe
out of range of the tn-Wy tfase, wrt- easily and more q :!k1ly if
they are rater tsaed than if the %rr land ba.ed. If the atta-k
in froo g ri rzcirzg la n, trvoop, the wat(er bnse car, be moved faster
than the Laxrd bu7re and 'ttt vfll ts virt or t),e cnemy Lo use.

In e'thvr itse, the al,,2raft themse'ver r uo I e .cattd with

r'J14 re. lo. U'v t- fte)QU1 it, tliv re~agr. Tf the attack is

LI 'at...

- - - -- - - -- --i- -
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I
c)ming frcn saboteurs who ar- in the area and if the aircraft are
parked iL one eilt, the water tbases have less area to be guarded
by security fences or tAner devices. if the water-based aircraft
are wide y dispersed, then p,.sibly they would require the same
area to gard as wild the 'Land-based aircraft. So from this
aspect, the water bases may hbwvp xr. eivt.itage -ver .and basez.

5. Summary

Advantages t-- be gair.ed from flexibility depend uprn base
mobility more than any -ther fact-r. The water base car. be moved
from oLe spo:t tc another with greater facility than the land base.
The mal. reasor fcr this advai,tage is because of the sali rwvfay
require.,.LLs zf the water-based aircraft. Tne superlrr mobility
of the water base )ver the -and base wil lead to tjre effectlvt,
artir agninst enemy targets, against enemy adva.nc-'s, and Laint
a-eas where it is desire,. t ..se a.1 ajai abie airc-:aft.

F- C SJ' ANAL!

Thi.% sect4,m ccnsiders th( costs as-_wiat.-d witl tne e;tab-
I i shmert ard c'!.s at i,.. _T the be, :.. r:i;rs icrrite,- prtv ct.vly
and iliiustrated in Figs. .(' ari .

1., Base , ustr Act .r,

t h. tk, r n' A . at h* .> w t; rm. , ,'. , 1 ' n.

ve r r

i .. . . . . . .. ..

' ?Ar tj A. t-n irmtr

CONRDO AL
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[-]TOTAL INITIAL L - LANED SASE
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Carrier.- The 45,000-ton aircraft carrier Is estizated to
cost V36mihlion at present replacement coats. This anionts
to $1,667,000 per mission sircrvL't.

Overseas base construction Is listed -i one nf air critical
itein in wartime plauning. The vater-tased aircraft show a con.-
siderable advantage over land-based aicraft with respect to
o ,iginal base construction costs. This ad-rantage In of even greater
importance since the suvirigs are cunlative when banor ar De
from one site to another.

2 Total Value at a Base

In this stud~y, each attack A.ircraft Is estimted to cost
$69,000 regardless of whether land based or water based.* Tiiis
estimate is based upon the assumption that a large nuber of these
aircraft will be manufactured.

The personnel requirements are estimated to be 7,jOO for the
seui-perimwnnt base, 1.5,W for the temporary base, 9,300 for the
airhead base, and 767 for the wool! airhead base. 'these require-
ments are estimted. to be Identical whether for land base or water
base. Personnel training and traveling costs are estimated with
aid of Ref. 27 to be $23.6 'aillion for the semi-yermwnent base and
airhead base, $20.1 million for the temporary base, ad$*1.9 mil-
,Ion for the rmal afrhead base. When estimated per uisuion air-
craft, personnel costs are $262,000 for the semti-permAnent base,
airhead base, and small airhead base, and $2'23,.0 for the tempor-
ary base.

Initial supplies aire estimated on a two wsek basis to cost
$2.14 mJilon for the semi-permanent base wAd airkwad base, $1.2
million for the temporary base, and $0.8 vil-Lion for t1W_ SM11l
airhead base.

To transport supplies to the lawd-based ati-ead, W') ".!sting
iov-tire-pressure and low-wheel-1nading, aircraft costing .UT. 3
million will be required. Thin type Is used becvM1.c air transport
is necessary in the construction stag&s. At the water-based air-
head, the projected transport can be used (Refs. 1 saW 2). Six
of these aircrart costing 431.5 mill.ion dIll be required. Trans-
port requirewentr. for the manli airieais iiue one-t-hird "r thotv
for the alrben~i-

When the total va~lue att a base la camsrutei, the dif."erence
betveen the vater base andl tat land base lek rxt very high. Tt is
$108.C' milliun for the sts.I persment lwnd base an(' $104.6~ millloj.
for the s-m-1krzuanemt wreter baze. Redactlan of base facilttics and
Initial bupply level leada to a [over tital vwlue for the temporrary
bav-e, $94.7 million und #C*.8 wil lion.repetv~y.

CWIDIL W
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The total value at a land-based airhead is $167 millIion com-j pared with $130.8 million for the water-based airherad. For t1he
small airhead, these figures are $58.9 million and $1a5 million,
reepect ivply.

When the carrier is included, it Is found that the tutal
value is much higher, nmely $248.7 million for ar air group.
When stated on the basis of value concentration per a&iss'cn
aircraft, the carrier is highest with~ $.76 million. iL al
cases, the water-based aircraft Is below the, o." the 11aad-ba.ocd
aircraft (see Table 6 and Fig. 27).

I.-V&.he Lost When Base Is~ Abanduned

The va!Ae 1c . when a base Is abandnned, sunmrized in Table
.4 6 and Fig. 27, is importa~t in determining the practicality of

movitig a tase to another slLe. The mterialb rtcuvitrable from
both types of' bases are vehicles, transportable equipment, amiI sapplies. Czonstruictiux, of biiildir~gs and labor expended on the
bite are, of c,- urse, lost. lt is estited that $17.6 million
will oe lost when a semi-permaint land base is &bandoned, com-
vared w'ith $13.2 milior, for a semi-permanent, water base. The
value lust Is $8.9 milli-n for a temporary land base t-nd $4.9
millior. "or a temprary water base. ?or the airhead base, the
value lost is $9.2 milli-an compared to $5.4~ sillion. At the
small airhead base, it is $6.2- imillion c'oared with $j million.

in comparison, Lne carrier loses nothing when moving from
base t-. baze Ai~lrss attrition dw. tc enea" action is iiitroiuc'-!.
Tts only cost for mov-Ing Is nuel. Since mcvement is In ef,'ect
part of tne desIgned ceratioT. of the carrier, it t'ar be said

that novemeni is almost costless.

4. Mobility Costs

The annual babe c sts arc emipar-ed when the ba. Is tbltion-
nyv snrl w~^ f n haSe f'laS 10) moves it year. Frra a pr^ct icai
stan~lp-int, it. is ur-.ikely tnat a semi -pvrmanc.,.t base: wo.Li be
movve* aua 'if a movr w re =ac frcu, nio~ pirr.t brxe, I t
Vo.Ald be to another base whi, n wo,-;i. be a t-uptrary struct;r.
When thls F, mve ! maide, the cosGt 2rmak I .o a movt- equals thf cost
of 7uflstructionr of tliez base, esi salvngt lios' the old base, pl u!
trwxsp .rtal I r.. Eycept u-nor, intrition I r~r enevV action is
important, trmnxsporia' _rLcsr &lm..z i)b

$"I."fjjj n fr ttI'Ap.'rRry w, t''i JU' I wit"~ $4,7) 2 .c"
rm 7 , L,'Mj r ry Wtt-Z' t'aJ ' t',~ , * I'- .jI~If .i '
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compared with $49.8 million for the water base. With sma'l air-
heads, the comparison is proportionately mort- favorable to the
water base where the cost of 10 moves is estiuated tu 'e $69.1
million for the lae base compart..d with S29 million for "-he water
base. The comparative cost f-:r mhkiLg moves with the assumed
carrier depends largely upcn the amortization rate of the carrier
itself. This is a four year period which would asean a cost of
$37.7 million a year. Costs of mobility, sumrarlzed in Table 7
Lind Fig. 28, are lower in all cases for the water-based air ,raft
than for land-baied aircraft rkn6 lower yet for the carrier.

5. T-e Size of the Unit

It is possible to O owzlce the water-based, 0-craft In small
uniis for purposes of' dispersion without being subject to rpidly
rising base constructicn costs per mission aircraft (s:.e Fig. 20).
Since runway costs wre equal for either a gr-,up of 90 aircraft or
a sqvadro'n of 30 aircraft, the base costs per mission aircraft are
greatly increased when .he number of land-based aircraftt is redu -ed
from 90 to 30. The I erasc for the wte-bo, a.r-rntft -, .ni:!i
less.

6. Cost Suimry

Bases for the hydroski water-bsed sircraft ost iesz thair
bases for the confentionai land-L'se-1 air ' $t, primarily lecause
of differences of the runw.vs. Since runways ara not reoveraklc,
the value lost when 8 base 16 abafndond is considerably mor-- f',
t. ;c land base than the water base. For t.h.-se re tox, t ocost
of KObillty is much less for the water tase than f'or the wld base.
The crrrier base is mo:c expenslvT than a l iaJ tse or wfst,,r :Iiri
with respect to inttial costs. Hovtver, the ,-osts o" movrIt< ss-

nvgclIlgble for the -Krrier so that wven a hvh :c'r, .... ,
is re,,,ir(,, the. carrier becov"'e the ,kpe'. t ,'sx

CONPDINY1A1
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IHYDROSKI EVALUATION ____ __

AIRCRAFT q *3 CUBj

SKI DFSIGNATION PS-i P5-2 PS-3 -FS-3A

CONFIGURATION

TYPE INSTALLATION:

NUMBER OF SKIS 2 2 2 2

BUOYANT OR MOIR-BUOYANT Nov.smaet'

WHEELSN.N '

ADJUSTABLE TCRIM ',mLeojdd by BNkmles. 4s

TYPE OF STRUJTS t.. F.il- -

GROSS WEIGHT OF AIRCRAF? - 00 lb 10.00 lbo 1000 lb6 1000 lb

WEICPHT OF SKIS (eat) S21b*

WEIGHT SKIS, FOILS AND STRUTS (eat)

UNIY LOADING, Ill lt'haq ft

MAXIMUM LOAD FACTORS

MAXIMUM IMP ACT LOADS

MAXIMUM IMPACT ACCELERATIONS

MAXIMUM IMPACT MOMENTS$___ ____

ASPECT RATIO -- At S. 7

SKI AREA (foloI) 01. 14 .

SKI vOLUME (ast) Lid c. I

VOLUME OF RETRACTED ASSEMbLY (..'0 .30 ~.ft
SKI 11IME9PV? S ft...~ 1 * I

LIF7 DRAG 1#4 WATER

TRIM AND ArlJUSTMPNT MANGE V I,

VIYA? STALL SPE If7) (% ''"';.A.-. 0 (.

WaTER IAKE-OFF tO 35 K-.'

TAKE-OF F 'IME (*4 -jI--_ 
_
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Re(. 31

p1-i -- -P S-2- PS-3 - S-3A - P1-4

2 2 2 2 f2
~mLeied by DSmo.. 48

*O0b 00 lb jo 16lwilb lo00 lob IWO0 lb

11.5 qf

s d c. i

Y(*at) S.30 c-,9

11 ly 6 9
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PS-s PS-SA PS-? ps- 14

m N~q-Buoyew't m-pYi

NoN.No we

100) 1I 00 lOIp 1000!b 1355 s6

76 ib* 63 lb. 71 It

j 85 16
43.5 Sb.6- et 9C lb .-z k

I 3.5.

1.62 .73

12.4 c f 
7., t,

2 2 .9 f t 
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Ref 31

-- -PSSPS-SA

16 In,. Disme'.' Weels

stenim'd 4 6 In. Extvosie ste.mdt 4 In,. Exteftsio I soio e , Swt Standard Oleo (tEach lb.)

20501% 2O00lip 140 IasIf&

63 1b. 9% lb 93 lb. ft l-64 lbp AppReametly 751 lb

- - 119 11 119 lb led b,

89 lb/sq ft It lb/sq It 143 llb/eq ft

3. 3.5.'

1462 1.62 1.33

23 44 t 223OR h 166f

11.4.Sc.fh

M .t.6.. mean 54 U%.

2 pest.... 16 3C )c psnot..

125"" 11.5 It "@Ot

43, V~ "nto 41.5 K-eat
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"NJ-sc -0AC ree Twtf - 31 Rel. -2

PS4 PS-12

A

2 2 TyPes (A &U

3116 
_ _

2"61b, 175 11 IS3 'b* 1921lb. 114 fib

305 lb 29 IL
91b6/04 f W/ ffpA. 196 b/qft W/o do"* 215 1/vq #9W.'Waps. 362 l.'saq fW/o #Sp 33 16' *1qft

3.5g

3.2) W/o Flops; 1.41 V/Flaps 4.0 Wr'O vlupv. 3.0 ViFlaps Aos.sly3.1

ep q f; Wo sq ff 16.2 sq h. 27. aq to2 20.4 sfto
19.1 cu tv* 14.7 c. I~ cv * V.4 cvh

2c .h 2.2 e #*Vf v t 2?5u 13 twuft,
W/o la" ft3 lo, n10 ft 4 1. W/o plv 10 so. a.?7ft -I~ I..

3 4 2 m u
Ad~ is * s Thkrvot L..e -14 oo 4 t., Tk~wst L~.

to 6(ov 12 K-se. 254 K~os

59 .set
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GRUMMAN JRF-S GRUMMAN JkF-S(OA-9) X '2 Y.1

Deft-en I afferent

I 1. 17 2VI nW " l

2. 1?
236 ~- I-w 11 30 3 0 I.-I

02.. 55 GRt 4d RIfi IS as t v 2w I&a,. Aft le

c- 122 lo It, W4, e f

of 4 If sqo, * 2 dISft aIt/q - t sn 's ft-6%

dl' 6 1 I2 lb IL0 lb. 77Se
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S KATE 7 (MACA Yest Tank) PSO (M-270) JPfvpesed mineslaer (7ank Test CYAC)

Ref. 35 Roo. 36

2 -W d746foil I

ye me I.yes

I Pined p.Ived Strv. Koch Ski 2 n~il urts. lad.v sh.

2300 16 Ma b19M
1000lb, *..% l 24131b Illsi. 4%0 SI

j1620~' 113 2435~ lba1

"0WS lb/ 1499lb/sq i hshdv.4e11 484 a.." is al. Is163 16b sq k

I .OC 0 Ik Total Iipo,= 19 Terl 1.3709.00 Ill.

4, 3. 6

1.42 7.25 look ski. 0.4" Peli

d9.6 sq i 53 sqt ' bais SIS.. 32.1 01 ~ 1 Jvil"I 300 *O I

29 .. t 3 Ci e t eAIA. 13.2 t. it sde~i.*

-te L I----.. *st ft 0 --o

42 lnetil 31 .. i 34 2 1.

94K..0K'.
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II

SMhUCTMYAL CONSIDIRATIONS AND WE:GHT DETOUMnIrOM
'I

. Z7? TNSTALLATION II
The prim advantage cf the hydroaki -equipped airplanes is their

ability to take off and land on various surfaces. They will be
capable o£ l and taking off ice, snow, or water and ladI
in any relatively unobstrcted area.

The aiOlane vilJ be non-buoya.t (Ina the sense that take-off
wljl net be from a buoyant static te .±ion in the water), which
necesserily dictates that a Wai pling spe be maintaed
while on the wat.r. The risk of enEine failure while water taxiing

does not seem to warrant the weight p-nalty involved in making a
dense airplane of this type ito a ur-, * eanfigurotion. After the
landig o. water, it is then necessary to rax-i to Vtv beach, a pre-
pared ramp, )r a floating carrier. Even t1ough the non-buoyant con-
figuration will ;,wt. i.ake oii irom & floating position in the water,
it is designed to remain afloat in case of a water stall.

The required size of the ram Is a fmetion of minimum water
planing speedp thrast to weight ratio, and coefficient of friction.
For exawple, the cesian selected for coarison has a tbrust/weight
ratio of 0.50 and aminiwi plai speed of 0 knots. If a simp l
wooden ramp wet-dova with water is uoed, a length of only 120 feet
is required to atte'Jm the minim= planing speed and transition onto
the water. When tra ,stioning from the water at the minim= planing
speed, the airplane coudL h brought to a stop in approvimatcly 150
f et.

,e. sod, mud, or ,ther low friction surfaces may also be used
for landing and taking off. Landiris on hard surfaces will necessarily
be 1 ited to emergencies to pr.zlu excess-.ve ski wear except where
some arresting gear derice is used to shorten the run out. I

The tlri-ski configaR'tion shc.m i P.g. 12 w" evolved by con-
slde~rin; the JlMprtance of' hav.Ing thme iongrz.t py'asible bomb bay door
and the necessity of" provid.g foi laternl stability at low planing
spee. e size of the 0E ha been selected to maintain a minimum:,. planing speed of 30 knots.I

The forward ski (Fig. 29) is retracted ii.to tht. furelage aft of
Bull Station 195 &Me extend- from loageron to lon~eroc at its widest
seto.When etndthe forwar'd cki is supre ya 4-bar likae

CON I i
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The aft sbhck stirut incorporates a cylinder for adjcsting the trimff of the ski relatiLve to the airplane by the pilot. Ini both the re-
tracted and extended positions, the aft strut Is secvm-d by a lock
on the cira~ strut. TM forward ski is fitted vith hingod water
flaps that are pilot controlled to vu7 the effNttv ai area..The water flaps ure extended In order to maintain a low planing
xpeed tuv retracted for landing and high speed planing.

Smller skis (Fig.. 30) are att~cbed. to each wing tipazri wben
retracted, they form the wing's lower contour. A trim cylinder is
Incldad in the supportnK linkage so that ski irim may be pilot
c-zutro3.ed. The. tip skis am e cured in the down position by a
loc ort the ain strut, and sec ued in the up position by a sequence
operated lock on the wing strutue.

ftom thiu preU~.nar.' :investigation, It was determinied that
the use of bydroakis will swve a tot.l of 60 of the 90 cubic feet
of fuselage voluw reqxLrW. in the oonventional weel landing
gear. Tbs total weight sa~ ing of the skis over t~he Laadlxa gear
is C-onsidered to Ii-rgigible.

Al. thre-2 *lIs haveg pointed trolling .4g. which ame interded
to reduce landing lopec t loadi43g had vibration problems at high
speed planing. Mr~dd aww.uverability for ground 10ndling be do-

lired on a hard su face where ski wear vould be too geat, smallIbandling wheels may be instal.led inte~ml with the skis. For the
tip skis, this would require a faLring in the wing to bouse the
wheel.!

B. D=W3UI3f THE 1 SUZE

Lk ,. ,in the, ski size for the a.tack airplane, which

ha FALINI ::.Sit of apjiroxizately 50,000 lb, It was ass5isd
that "',e miLwta plming speed should be apprtmimt 50 f"
( (50 kiots). The problem then boiled down to a Io tm~ination of
the ar a, azrect ratio, and trm that would support the required
loads. One ua* thp major p,.,ob.e was the det-.rmlnation of thenumber of skis and their arraagmn in a manier that would be
coatible with the selected airfrwar.

IInitial studies -,volved aroutd a single ski configuration
vith small outrihgcrs on each wing. It becae increasingly ob-
viOs that this system was impractical because the required ski

gII-
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are& couldI not be fitted irntO thW &v~ijIbI,8 f"6109P V0ii =0

bottoma ~a is am fctor pvclhded the uzu of tWin) skis t-

less they Miild be rYtr4CtCEk 
"r-"tO the iidzM bottom 5'A-ifaC * Re-

LracionW into~ t wasgve t seri"4 thet 3-1 Otflt dbowl f

v IxU strutue w"~. the ifit was .&Leh ULt& t ase a &M l to

that. Io1 t zhe 1 the~ bfti j3.8X1*d the~~ loinf si3 *zA aeach oWite

J k A deter~ined the 1u fore nd tat aoup3IS 021DO

tAe jength vas establiniked by the &Y911600" 8P&OO fO?%rL Ofth

bimtb bay. be dCd an iD ej *th hi*e sMR' p3W. and1O i.01snwel

opeatI& oted terni~U watos to i v livaki e106"ste

as sxartiqft 
quz f (Ib

b with (t)o at the (it)M

-0 .vr width (it) L k lengt (M)3c(de

p . dcadrise ausl (dong) Rit byy4 ln1C resistan-- (1.b)

De a effetive ddrs sN~gl T

(deg) __________

s -u 33 *q. ft 
0* u0 (estiuat*d)

b v t L , S2 06

b

F'rvS Ref. 13

vA dpee-Wifld to be upposxoe7 500 L fqt

55 5w~ - 16,5W0 lb
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Mhe tip ski was determined in 4 manner similar to that usd
for the 'sael ski. Care was exercised to assum a minilam distur-
bance to the basic structure. Purtinent factors for thesc skis
are:

IS w13 q tT W~ 140

b - 2.00 = 0

L ' - 3.25

7r1 Ref. 13

4was detezuined to b- approxiuately 4~5 0 lb/sq ft

a - 1.'K x 450 5,850 lb for a total of 11,700 lb/sq ft

The inverse 1ift/dreg ratio at these speeds ia given below as.g determined by mthods outlinedi in Ref. 13.

Main Ski0.5

Tip ski 0. 27

Sic TA
SinE- exceeds 0. .500 it can readily be seen that there Is

Isufficient thrust to mintaln these speeds. Typical take-ofl
resitane an peformnceis suti in ig.31.

g To establish planWr equilibriu, It was necessarvy to consider
sipostitiYas as well aI forces of thrust, lift, 'r4, and weight.

II C. WEIGHT C'WARIS.N

The statistical ctaWisou of skis and wheeled 1Ariag gearsI in Appendix A indlcates a lighter wight for ski Installations.
Inftormation available on skis is very lialtel and Is not rep"a-
sentative of a production typo installation. Also, the statistical
analyvis dealt only with *.kw landing devicoe wit~k it:- suptnting

M MWI
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struts and, as such, can onily be used to inditcate & trend. The
type, size, and location of landin devices appreciabl1y affect
the aircraft configuration and structural design. A direct com-
parison can only be made by an analysis of specific desigs.

Fhr tbis comaraon a land-based airplane c'onfiguration has
been b.2.ected that has a tandem landing gear housed In the fuse -
lage with auxiliary wing-tip gear; the vater-beaed versiohn has a
single nain ski hosed In the fuselage and twin skis located an
the wing tips.

Undoubtedly there will continue to be develomts in the
aircraft struc-tural field In the period covered by these atiies.
Improvements my be expected In construction methods and in the
qualit., of the materials used. Hnycm construction for com-
trol surfaces ad secondary structures will be ased u~we extesively.
The doeloment of very hI* heat treated, high strength 4340 stool
will hae a mino affect an the over-all desin. New aimnm
Lloys are being developed of which the XA785 series Is prosently

shovring an 8 per ceat Increase in tensleo strength over the 75S
series. Fatigue strength an other phsical properties are about
the sam a 758 and It V111 hae. mpwaozitelY the am llndtIons
Ln Its mse. *itamiu a~cys In devel&pmnt that retain their
strength at elevated tea~esatue ame now approaching the strength-
wlat ratio of the aluda alloys. ligh produertion ada sub-
sequent reduction in cost will encourta v= extensive mse of tWs
aliloy.

The foregoing developnts In %he field of aircraft structural
desigm will tend to lower the structural weight. Usfartunately,
there are other consAleratiomns such as corro..i' atigue, and temn-
perature problms that will bae an opposite effeet am my NWlILfy
any expected Iqwaovemnt. It Is asemod, therefore, t"Wt the esti -

mating proceduros bad ani current performance will satisfactorily
predict structural weights for the peritA owered by this study,

The summory weight coqiariom of the ski-. quippe4 and wheel-
eqiMped attack airplanes was given in Table 1.

1. lJethod of Analysis

ftthods used for the weigbt analysis or aircraft vary with
3 the purpose for which the analysis is prepared and the tim awailka.
Ufor the evaluation of specific configurations. Generalized formilas

tor the estimation of structural ccwqmnts are usually dtesloped
from statistical information with a p'ely emperical or a semi-

theoretical base.* In general, each aircraft maufacturer and military



THE GLENN L MARTIN OOMPAIVY CONIKWW MODEL
BAL'IIMrE. MARYLAND ER. NO. 6602

PAGE

struLb nd, as such, cau only be used to i~kdionte a trend. The
type, size, and locatimi of landin devices appreciably affect
th . aircraft configuration and structural design. A direct com-
parison can only be made by an anaiysis of specific designs.

Fc." this comarison a land-based airplane coaiguration has
been selected that has a tandem l-nding Sear h,",pd in the fnse-
!age with auxiliary wing-tip gear; the water-based ve-sioi has ag single main sk-i housed in the fuselage and twin skis located on
the wing tips.

Undoubtedly there will continue to be developments in the
aircraft structural field in the period cove.red b) these stuadies.
Improvenients may be expected in constructic.a methods and in the
juality of the materials used. Hooeycomb construction for con-
trol surfaces and secondary structues will be used more extensively.
The development of very high heat treated, high strength 44O steel
will have a minor effect on the over-all design. New alumin-mz
alloy i are being developcd of which the XAK85 series Is presently
ahovin ar 8 per cent increase in tensile ntrength over the 75S
series. Fatigue strength and other physical properties are about
the same as 75S and it vill havE appioximtely the same limitationas

in its use. Titanii= alloys in development that retain tieir
strength at elevate..d temnprature are now approaching the strength-
"taight ratio cf the aluminum alloys. nigh production and. a sub-
sequent reduction in cost will encourage more exten-abve use of this

alloy.

The foregoing developmr~its in the field of aircraft structuraJ.

desin will tend to lower the structural weig4ht. Unfcrtunately,
there are other considerations such as corrosion,fatigue, and tem-
perature problems that will have an opposite effect and may nllify
any expe-.ted improvement. It is asaed, therefore, that the estl-
mating pr ceduxes based on current performance will eatisfactorily
predict structiral weights foi the period covered by this study.

The summary w-ight cozparison of the ski-cuippel and wheel-
eqApped attack aiyTplanes was given in Table. .

I I.2th od ol" Ana ji

Methods used for the weight anaiysin o: a.irrraft vary .ith
the purpose icr ,rhich tfte ixalysis iL, prepsi\ . i the t Lv availalt e
:.or the evaluation o!' ipecifl, con"i'iuratlons. ,;ner~iz,' fornu A!
f.- the estirmation of structurtd cocqonents are usually devloped

i ~ ~~fror., t~tivtical information with % puJrely evix..... 1 : a-1,

theoretical bnse. In Cencral, each aircraf"t manufacturer adnilitary

IW
I,-



MODEL COtMP IOf , THE GLENN L MAR TIN ,OMPANY
ER. NO. 0 2 VALTIMOFIE. MARYLAND
PAGE 13 1,D

procuring agency has developed or adopted its own aethcds and rorulahs

SCor weight analysis. Many of these methods have been presented as

pekers to technical aocieties &nd others ae available . the result
of contractural efforts of research organizations such as Raaz, 13c.,
and the illow Run Research Center. A number of these methode were
available azl investigated for use.

For this analysis a method was needed ia t would provide gener-
alized formulas for major structural cconents and provide a reason-
ably accurate total ccmponent weight in a short period of time. It
was also necessary that these formulas contain the parameters affecting
weight in their proper relationship to the total so that the formulas
could be used in the optimization studies of the individual components.

Of the formulas investigated, those used in this analysis that,
have been based on methodas used at the Martin Copany and thoce contained
in Ref. 2 and applied in Ref. 29 were found to have the mst consistent
accuracy. ethods using a more detailed theoretical analysis as exemli-
f led by the mltiple station analysis of Ref. 30, require considerably
more time to apply and are only valuab]e as a more refinei crecK wben
the situation warrants.

In the following aaaly.is, fairly detailed stress checks were made
on tJe major structural ecponents. This procedure was followed because
of the rather unconventicml fuselag* coftiTumtion dictted by the "area
rule" and because of be erlects of the I-ndinx devices and their locations
on the fuselage and wing. These atructural analybes checked very c]osely

ith the results obtaired by estimating formulas.

Symbols. -

DGW d esion gros weight (ib)

w V basic wing weight (1b)

WE HT total horizontal tail eigbht (lb)

W T tut.. vertical tail weight (1b)

"F basic fuselage weight (lb)

ski tunit weight (lb/'sl ft)

horizontal tail un1t wcight ;lb/sq ft)

4VT vertical tai; unit weight (Ib/q ft)

UIF Utimte loc4 factor ()

-!
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S =area (sq ft)

b = Span (ft)

AR = aspect ratio

* sweepback angle at the quarter chord (deg)

CR-rout chord (rt)

-T tip chord (f't)
t = MMd!Am airfoil thaickness (ft)

tR maxim root chor,4 thicknees (ft)

t e effective airfoil thickness (ft)

A taper ratio C T/

b spon of quarter chord (ft)

UTiL = ltirate tail lo,-d (lb)
H -height (ft)

L -leneth (ft)

= width (n)

- total load (11b~)

K (a. constant)

5.Basic Wt'i Aimttib F0~m~aa

Iyeit. - Mhe vline weight formulta used is barica1,lly the
Mfri ~rclfruararne to a convenient form for use in

esL~~tngar otiiztc. mu

- ~--%AM
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b 6] M ~x DGWxS 6
Basic wingD wej-

5
,bt W [.os /4  .6J

or

W K_ AR I + )'L(u x Drw x )6

coo term (2 tR + ].6

The ~ ~ term V .)61 from the above equation cnb
conveniently used as a weight factor in cc'nfiguration opt imizati on
stud~ies in which t)iu factor is plotted against varyIng aspect ratio,
sweep-back, taper ratio, and airfoil thic 35.

Horizontal Tail

WHT ' HT

Vertical Tail

1, r

S3kis

S~~ 6 UL
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I
4. Weight Derivatiou - Water-Based Aiplane

I ? -n roup

U tLF = 13 b = 33 ft

S = 3w 0aqtt A 45°

-= .4- tT = o.833ft

ii u.62ft A - 0.667

cT  ' 7.75 ft ,(v.) ,- o.853ft

DGW Z- ,4 300 lb K2 ' 0.0033 (s6tatgtieally

.663

.J90* xN 2 [ ARTx ('+(] (ULFx xDGWxS)' 63

.- = 5,000 lb

iV

i4

I

-car. 'lln l'llr 'A i!
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Wing Weigh1t 5,000 lb

Wing Special Features

Leading Edge Flap (25 x 2 lb/sq ft) 50

Live Brake Provision (36 x 4 lb/sq ft) 14

External Stores Provision 60

Tip Ski Provision 60

Effect of Tip Ski Loads on Structure 35

Surface Control Provision 22

Anti-Icing Provision (320 x 0.06 lb/sq ft) 19

FUeL Provisions (559 x 0.09 lb/,gl) 8

1QAL 3,489 lb

Tail GT

Horizontal Tail

S 79 sq ft -R 0,5 5 1t

CR .9trt T  0 o- f t

Cr  f.1, t't te 0. os 9.
T

b - 15.4 ft "c/ 5A

bc,4 21.1 t n"". 46, O x 1.5 uc,Coo lb

6 per cent K 0 .0.(k) (;at,.1LicallOy
C 5 etermined)

t ' ,b ,* ft

l i  i P i =,
-, ~ L ~ l..~~I O., i, j ..

' ii
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8.15 lb/sq ft x 79 sq rt 644 lb

Vertical Tail

S 7 Ysq ft t.R -- 0. I49 't

I = 8.ott :o.
CT = 2.0 ft t - 0.36 ft

b 7.42ft t 6 per cent

be/i4  11.5 ft K = 0.0528 (statistically

A UM 6,900determined)A 50s t°  
= 16,0 1.5 a 25,550 lb

+ 1. 0.0528.- 2 3 2  • 1.:1 K 4  L e -3J. 0

.1 = 9.3 lb/sI ft

_',-- 1 b, s-, ft x 7 "I" f 4 lb

horAzai.tal Tail 644 lb

Vert.1 cal Tail

7nT7AT. I~ lb

j L LJ.0 0! f t. ft

;W 5.0 rt K , 6 .'( H a . ;l r 'd t r -n

I

I I
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~I

W = iz5L(W+Hi)

6.72 x 52.0 (5.0 + 4.6-12) 2,506 lb

Dive Brakes (15.3 z 10.0 lb/sq t.) 153

Rotexy Bomb Door 265

Guns an A-mwition Provision 50

Flectrordlcs Provisicm (0.06 x 697. Ib) 42

Cabin Presurization Provision 50

Ski Provision 125

Er4;irne Inste.Llatioms Prowision 100

FVAi Wak Provision (796 z 0.10 lb/al) 80

'urface Controls Provision .30

Hydraulic wA Electrical System Provision 35

IMTL 5,43.6 lb

S (main) 20 sskt P - 1,001b

L -, 16 rt Lanling Gro,%i At Take-off ror.ns At

I. (Over -aU) 4.a 50% fw1an tob

', ( Ski) 2. 0 ft K6  v, I2 (ststistica liy d-?terined)

L (Basic Ski) 5.9

I
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0.U x 1
| = 0.11.1 (5--5 x Yb- 5.IJ

- 10.4 lb/sq ft

B"Ic Ski Weight - wS x S a 0.14 x 20 M8 lb

H .V. gd Sk Wt - 4S x Sa 7.0 z 13 -- ,9.1.

K*%ir Ski 299 ib

I Formod Strut (RIgid)

I La - 39 ft

ftx Resultant Reactio - 21,700 lb

IStrt Webt - L x 13 b/ft , 7TO lb
Aft Strut (01o)

I L - 50 in.

Man Resultant Reaction 50., 400 lt

Strut Weight - L x 5.0 fb/in. - _ lb

SStrut 1 20 lb
Opr.-..xting Mechanism (10% .,:t 7Aetr) a 62 lb

I Zk FoldingMchmsmI--l
Mechainism T_lb lb
Total Main Ski 693" lb

i - 13. 3 
6 ft (each) ULF 53.5 g

L A tK54t6 0.11? (statlatical.jy dewtomned)
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W -2. 1 ft

P GO 7,3Ib

'S X6 (U xts x~ WE)

7000

1.5 lb/sq. ft

Ski Wigt-t -s wS S-8.3 x 13.11 x 2- 220 lbI

strutI

L - 2' Vt

Ma.. Remultant Resctlcrm - 21,000 lbI

Operating Mechanism (10% -It Reta-) K alb_ I
To~tal Tip Skiet 36 r IbI

Nair skis 693 lbI

Tip L~is 36, lb

To'tal Skis 1, 056 lbI

Surf&=e Con trol&

Cockpi. CcLU%.r.s e
A&i;L--+c Pilot (z Q) .1oo
5yutea Ccetrolz 553

Total 67 1hg
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I
Engine Section Group

I Fagine Mount 37
Engine Tracks 11
Fire Walls and Shrotding nlo
Engine Access Doors 50
Tension Bolt Srl:Lc for Rezov-U 60
Provision for Anti-Icing 5

I TOTAL 273
Propulsion Group

Engine wth Afterbizner (1) GE XJ79XX-24A 3,1X0
Engine Nose Fairing 15
Air Intake Duct 40 in. x 1.0 lb/in.
45 lb 115

Afterbl-r 'E lanket
Generator Cooling Ducts 7Zon II Cooling Ducts2

Fuel Tanks (non solf-sealing, rip-ram
type)
Fuue JI(2) 138 g&J 66
Fuse #2(2) 68 ga 4

Siws #4() 166 gal 5
179

Fuel Trunsfer Pumps 85

Fuel Plumbing 192
Single Point Fwli.ng Sysen 45
Air Refue iu System (excluding probe) 10
Water Tr.Jectin System. (30 gal) 50

agne Controls 15

Starter-Pnematic (cxt power source) 710
Starte.- Instellatiovy

i TOTAL 5,354 lb

Fixed Equipment

Instrument group Thtal 11 lb

Hyfra4lic Group To a, 45 Lb

I lectricai Syten 7'otal 650 lb
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Electronics Group

AN/ARC-3i (Railc Set) 69 lb
AN/AHN-21 (TAC 0uM-r Nov.) 66
AN/APW-I1A (3Mrk Be con 51
Aii/APS-54 (Tail Warning) 1$
ANx/AF-19 IW" 57
AN/API-27 (V?4"
AN/APN-79 (GI) 173
Break Ava Coquter 12
Fire Contrl 316
Shelves Supports etc. 21

TOTAL 825 lb

Armament GroW

Pilots Protection 100 lb
Bomab &nd Be-ket Release Syttes 15
Bob Door Meehanima 120
Gun Nouts, Riog, and Sports 50
Anomition Chutes 23
Anomition Boxes 72
Blest Tunnels 15 5

TUBAL 595 lb

Funih4ngRt 355 lb

Air Conalto-nng 15 lt

Anti-Icing Gro% 176 lb

Tottl Fixed Squ.dmm'nt 5,0 lb

TOTAL WEIGHT DaXf - VAT-BASWD ATTACK A33WLAW 17,075 lb

W. e igt Derivation - Land-B&*d Attack AIrj1AcDB

4ater-Based Total Wing Weight 5, 49 lb
Adjustmwt made for locnl gear

provisions
Structural adJustnert to basin wine

Afo" removal of wing tip oks -85

~Tutal Wing Grotkp 5,5YT7 lb

-- 9
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(same as ifater-bad wrsion) 988 lb

L - 52.0 ft
W-5.0 ft

H . 4.67 ft
1., - 5 xL (..! +H )

I

7.1 x 52.0 (5.0 + 4 .671 ) 2,643 lb

Note: Difference in weight between water-
and land-based basic fuselage weights
calculated from stress evaluation of
respective designs.

Dive Brakes (15.3 sq ft x 10.0 lb/sj ft) 155 lbRotary B~bDoor 265
Landin Drag Chute Provision >0
Guns and Am iton Provision 50
Electronics Provision 42
Cabin Pressurization Provision 50
LwvAWag Gear Provision 150
&gi1ne Installation Provision 100
Fuel Tank Provision 80
Surface Control Provision 30
Hyd. and Elec. System Provision 35

Total Fuselase Weight ,648l bI
Ladn Gear- ,rLo

main L.anding Gear (A~r)

Lsnding weight - normal gross weit
less 50%f uLc. and bonb, - -2,454 lb

ULF -4.0
L 45.5 in. (9 axle to top of oleo

extended)
2 x (3.2 /sec 2 )

14,005,000 ft-lb
Max Resultant Load 95,050 lb
Brake Kinetic Rner&; (0.3 x landing k.p.) ll.)2,0000 rt-lb

-t p' t, ;''
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structure
45.5 in. x 7.25 lb/:Ln. 330 lb"eels (36 by 11) (2 x 59.5) 119 I

Brakes (11,202,000 z 0.00001h)) 157
Tfr,. (7 by 1) 14ply 1o
Tubes and air 25
Operstun N hAsnismi 0.06 x 771 46

TOTAL 8171 lb

Nose Landing Gear

Lougth Axle to t Truaion 48 in.
1hz ResultAnt Reation 114,420 lb
Structure

148 In. xl l- b/In. 8). lb
kbnla (20 by I.)(it1)26
Tires (20 by 4.1t) 10 ply 2
Tubes and aiLr 14Steering Machanin 20DOperstin. Mechanism 0.10 x 158 16

T17) lb I
lyIn Tip Lendin Gear

Lerath Axle to i T rxi'mou ' n. i
M Rex ltin 6?,000 lb.
Strucuwe.1 Weiot

2 x 44 tn. x 1.0 lb/im. 88 Ib
Solid Rubbex Wbel 12
Operational Haedtlzas 0.10 x 100 10

TOM110 Lb lb

Drag .Oute ntallation I
Paeishute (18 ft dia) 21 lb
Release Unit 16 1

TOA 37 lb

TOTAL 1,181 b
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6. structura Weiht Adpuu1,,ats for Care ~~f

~rtan weight penalties are sAociated with the carrier basing
of aircraft. The penalties sten from t e structural coMidMertLons:

1) AeatinG loasd sand the .wehaisa required for arrsted
landings;

2) catapulting beds and the provisims lur this type Qi
take-off; and

3) The hIgber landing low-s assOciated, with higher sinkin
speeds end nowmnt of the carrier.

A4ryesting prvigi s usually consist of a bmok, subber, re-
tracin and reiase mechanism, and the strucu red1rzd to

disrib* te laftin the airplane (usually the aft f~w*1AP).
Arrestirg loads of 3 to 4 g depending on rm-out leNgt and en-
gaging specd, ar developed. Considerable local xtructmral beef-upI ~is usually required. * 1e wW~ penaltY -saOciated vih areste
landing is on the order of 0.6 to 0.9 per cent of the ross veigt
of the ircrft. This penalty vould qIply to elther wheeled or
ski-type aircraft.

Cat.MultUW provisin usuall. consist of a pair o fittirigs
or hooks to take the fardadthedownlo of 4 and 2S
respectively, and a th'Lrd fitting that hold the aircraft in start-
lng position until a predetermined cataputing Ljad is &ttlmnd.
These fittiws can up-mly be located cloe, to prInry sUw-tlnw
and reault t, P negligible weight penalty when ep2ess*ed as a per-
catage of gross eight. Tis sun yene.ty would ap to both
uweled ad W L~d-uip aircraft. A problem mqm with
catapulting of the ski-equipped aircraft Is the higb frictiomal
loads because of the ski on the dock with the 2 g applied '.own load.
A modification to the carrier deck in thu catultift area or u
form of lubrication My be required to ale-iate this condition.

Laning gear des1o criteria for carrier-based operstio are
b&sed on a sink' speed of 17 feet per second as cOWared to 10
feet per second for nornal land-based landings. The strast IMPOed
on the carrier Set Is thrve tise as maet a the strs" On the
land-baaod gear.

These haher lods cause a weijbt paetnty Cf I-rom 0.8 to 1.4
per cent of the grss weight of the airplane. Retcent deve.lope,.tz
Ln carrier design havW resulted in the snted deck concept, an
astalled on the USS Antietaa. This concept of a pover-on wire

• I 'I
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engagemetnt results in sinking speeds thkat er- significantljy lofer
and may conceivablyr ppx'oach those or land-based aircraft. Um"d
developed by 81i-ejuipped air-raft lwh~ifg on water will bt apprecia.
Low=r than loads developed by land-based aircraft. Hcjevcer, the si.
craft selected for the comqurison was considered to be panto-basea
e.,: th&L luods cou~reble to. land-based aircraft woMld be develope...
and shock absorbing devices would home to be of the saw capacity.
With this avWtlon, the penalty associated with carrier bnxinng t. -. 0

be approximately the sam on ski -equipped as on isod-biased uIrcraftt
St.=&ies have indicated that, ud In catapulting, higber airplaw r.
loads many be deveinp)ed in the cearrlsr landing of' a i-equipyed air.
plane due to additioal friction between ski and dnek. The solutlo'
may lie in som form of lubrication on the ski or carrier deck in t

Jlani4g ares..

From the foregoing, it can be ceccluLed that atzvctural probleio;
associated with carrier landing of the ski -eqaipped aircraft in thit
coeparisan are simil.ar to those of norwmi land-based aircraft.


